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Abstrakt

Prestoze jsou kovaftici (Coleoptera: Elateridae) vyraznou slozkou lesnich spolecenstev
broukd a plni vném fadu uzite¢nych funkci, dokumentace jejich vztahu k lesnimu
prostiedi je neucelend. V minulosti byla vétSina pozornosti odbornikii vénovana
zemede€lsky vyznamnym Skidcim polnich plodin, a protoze kovafici v lesich
nezpusobuji vyrazné skody, byl jejich vyznam opomijen. Zajem o poznani fungovani
lesnich ekosystému jako celku vSak vede ke snaze analyzovat vSechny jeho slozky.
Disertacni prace si klade za cil zlepSit poznani o vztahu mezi druhové i1 ekologicky
rozmanitou ¢eledi broukii a lesnim prostfedim na ptikladu ¢eskych hospodaiskych lesu
nizin. Rozsahly lesni komplex Vlesni oblasti Vychodni Polabi byl vybran jako
modelové uzemi. V mozaice lesnich porostii byly zvoleny dva typy porostd, jeden
s mistné ptirozenou skladbou (duby) a jeden s neptvodni dievinnou skladbou (smrky).
Ve 30 vybranych porostech (15 parG doubrav a smrcin) byly déle zjiStovany dalsi
charakteristiky s odhadovanym nebo obecné znamym vlivem na brouc¢i spoleCenstva.
K odchytu kovartikti v lesich (sezona 2011) byly pouzity pasivni narazové pasti, jejichz
schopnost zachytit Siroké spektrum druhti je dnes velmi dobfe znama. K popisu vztahu
mezi kovatiky a lesnim prostiedim byly pouzity standardni statistické metody (analyza
hlavnich komponent, redundan¢ni analyza, generalizované linearni modely). Cilem
studie bylo srovnani kovafikii dvou typt porostd, jejich srovnani s dal§imi taxony
a celkové zhodnoceni biodiverzity porosti. Druhové bohatosti kovatikii nebyly mezi
dubovymi a smrkovymi porosty sice prukazné rozdilné, ale lesy pfirozené dievinné
skladby mély vyssi diverzitu. Smrkové porosty piekvapivé hostili vys$si pocetnosti
kovatiki, vice vzacnych druhl i druht Cerveného seznamu a kovaiiky s delsimi tély.
Pudni kovafici rodu Athous, byli jasné rozdéleni na spoleCenstva mazi listnatymi
a jehlicnatymi porosty. K prostiedi neptivodnich porosti byly vazany druhy vyssich
poloh. Faktory v nejvétsim vlivem na kovatfiky byly dfevinna skladba porostu
a otevienost korunového patra. Pro nekteré druhy kovatrikii byly zjistény odlisné
preference od pivodné ocekdvanych. Z porovnani biodiverzity a druhovych preferenci
riznych taxonomickych skupin vyplynuly dilezitost pivodni vegetace a prostorové

heterogenity porosti, napt. v méfitku nékolika hektart.

Kli¢ova slova: Elateridae, hospodarské lesy, Querceus petraea, Picea abies
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Abstract

Despite click-beetles (Coleoptera: Elateridae) are a considerable component of forest
communities and play a set of beneficial functions, a documentation of their relation to
the forest environment is still insufficient. In the past, most of the scientific attention
was given to click-beetle pest species in agriculture. Their importance in forest
ecosystems had been overlooked, because they do not cause serious damages. Finally,
the interest in ecosystems as whole systems leads to the effort to analyze all their
components. This dissertation proposes improving the knowledge by examining
relationship between the species rich and ecologically diverse family and the Czech
lowland plantation forests. A spacious forest complex of the Eastern Polabi forest area
was chosen for this purpose. Two forest types, of native (oak) and locally non-native
(spruce) tree species composition, were chosen from the forest mosaic. Characteristics
known or assessed to influence beetle assemblages were investigated in 15 pairs of oak
and spruce forests (30 stands in total). Passive flight-interception traps, efficient to
sample wide species spectra, were used to sample click-beetles in 2011. Standard
statistical methods were used (Principal Component Analysis, Redundancy Analysis,
Generalized Linear Models). The purpose of the field study was to compare elaterids of
the two types of plantation forests, to compare elaterids with other taxa and to evaluate
biodiversity of plantation forests at all. Three articles published in international journals
contain results. Click-beetle species richness between oak and spruce forests was not
statistically significant, while stands of indigenous tree species composition had higher
only click-beetles diversity. Surprisingly, non-indigenous stands supported more
elaterid individuals, rare species, red-listed species and speicied with longer bodies.
Soil-dwelling click-beetles of genus Athous were clearly divided into two groups by
deciduous and conifer stands. Click-beetles species used to inhabit higher elevations
were connected with lowland spruce stands. A percentage of dominant tree species and
canopy openness were the most important factors influencing click-beetles. For some
click-beetle species, dissimilar preferences than expected were found out. The
comparison of different taxa responses and biodiversity and two forest types pointed out
the importance of native vegetation patches as well as the whole heterogeneity at spatial

level of e.g. few hectares.

Key words: Elateridae, plantation forests, Querceus petraea, Picea abies
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1 UVOD

Lesy jsou biologicky rtiznorodé ekosystémy. Prestoze reprezentuji jedny z druhové
nejbohatSich oblasti Zemé (Lindenmayer et al. 2003; Wesolowski 2005), neustale
dochazi k ohrozovani samotnych porostii i jejich bioty. Odlesiiovani, fragmentace,
S dopadem na lesy (Carnus et al. 2006). Fragmentace je proces, kdy jsou velké
stejnorod¢é plochy rozd€leny na vice mensich celkli s riznou mirou izolace a je vzdy
spojena s ubytkem ploch (Forman, Godron 1981). V pfipad¢ lesnich ekosystému je
fragmentace Casto doprovodnym jevem odlesiiovani, zejména v rozvojovych zemich
tropického a subtropického pasu, kde dochazi ke kaceni ptivodnich pralesti a pirevodu
ploch na plantdze riznych plodin. Ve vyspélych statech temperatni a boredlni zony je
sice celkova plocha a prostorova kompozice lesnich porostl v ramci krajin relativné
ustalena (napt. FSC Sweden 2013; Polley et al. 2015, Kolektiv autord 2018),
ale piivodni porosty byly postizeny pfevodem na intenzivni hospodaiské lesy, Casto
doprovazenym zménou dievinné skladby. V soucasné dobé je 7 % celkové plochy
porostii na Zemi vyuzivano jako produkéni plantdzové lesy a tento trend je stale
na vzestupu (Carnus et al. 2006; Bockerhoff et al. 2013; Hansen et al. 2013).

V Evropé prosla vétSina lesi zdsadni preménou jiz v minulosti. V lesich,
které nebyly pievedeny na zeméd€lskou pldu, doSlo ke zménam ve zplsobu
hospodafteni, ¢asto 1 ke zméné dievinné skladby (Horak et al. 2012) a hlavni funkci lest
se stala produkce dieva. I kdyZ zmény nutné¢ vedly ke zméndm kvality prostiedi
a sloZeni spolecenstev organismi vyuZivajicich lesy jako sviij biotop (Brockerhoff et al.
2008), ve srovnani s intenzivné vyuzivanou zemédélskou krajinou patii i takové lesni
porosty k ekologicky hodnotnym ekosystémum (Bauhus et al. 2010). Protoze plochy
prirozenych a piirod¢ blizkych lesi, které byvaji spojovany s vySsi mirou diverzity, je
poskrovnu (Wesolowski 2005), je tfeba hledat opatieni, jak zlepSovat zdravotni stav
dnes ptevazujicich hospodatskych porostil, zejména podporou biologické rozmanitosti,
kterd napomahd udrZovat rovnovahu ekosystému a zaroven snizovat vynaloZené
ekonomické nédklady na jejich obnovu a boj proti Skiidcim (Pastur et al. 2018).
Ve srovnani s pfirodnimi a pfirodé blizkymi porosty se intenzivné vyuZivané lesy
vyznacuji chudsi vertikdlni stratifikaci, druhovou skladbou dievin (¢asto monokulturni
plochy) a niz§im mnozstvim pro lesni biotu hodnotnych mikrostanovist’ (napt. dutinové

stromy, mrtva dievni hmota apod.). Pfedpoklad, Ze takové lesy nejsou schopné
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podporovat vzacné a ohrozené druhy (napt. Acosta 2011) vSak nepotvrzuji recentni
studie v plné mife (Carnus et al. 2006; Brockerhoff et al. 2008; Graves 2015).

Ceské lesy prosly hlavnimi zménami rozlohy, polohy a vyuziti zhruba pied 150
az 200 lety. Od té doby dochazi jen k nepatrnému nartstu lesnich ploch vlivem
zalesiiovani na orné pud¢ (napf. tvorba remizkd). V Ceské krajiné dnes prevazuji lesy
hospodarské (Kolektiv autortt 2018). Poznani jejich schopnosti udrzet biologickou
rozmanitost v krajin¢, ktera navic napomaha k udrzovani dobrého zdravotniho stavu
porostd, je kliCové a ve shod€ s uplatiovanymi principy integrované ochrany lesa
(Zahradnik 2005). Soucasnou podobu hospodaiskych lesti do zna¢né miry ovliviluje
Ceska legislativa, ktera dba, aby nebyla lesni piida vyuzivana jiny zptisobem, pokud to
neni nezbytné nutné a majitelim lesnich pozemki ukladd povinnost opétovného
zalesnéni holé pidy do dvou let (Zakon ¢. 289/1992 Sb.). Maximalni povolené plocha
holé sece je stanovena na 1 ha, minimalni vék porostu na 80 let a zakmenéni nesmi
klesnout pod sedm desetin plného zakmenéni (Zakon ¢. 289/1992 Sb.). Rozhodnuti
o dfevinné skladbé je vrukou lesnich hospodait. Vlivem stanovenych pravidel
nedochdzi k vyraznym zménam v prostorové konfiguraci lest v krajing, ale ke zméndm
vnitini struktury porostii ano. Vysledkem lesniho hospodafeni na vétSin€ uzemi je,
vyjma lesi sjinym rezimem, mozaika veékové 1 dfevinnou skladbou rozli¢nych
vysokokmennych produkénich porosti s plnym zapojem. Na rozsahlych plochach jsou
péstovany lesy mistné neplvodni dievinné skladby a pomér mezi listnatymi
a jehlicnatymi porosty je dnes pievraceny oproti stavu, ve kterém by mély byt
(Kolektiv autori 2018; Neuhasslova, Moravec 1998). Porosty ptivodni dievinné skladby
jsou Casto malé plochy (i mensi nez 1 ha) obklopené jinym typem porostu, a prestoze
se jedna o hospodarské lesy, ve srovnani s lesy nepivodnich dfevin se vice podobaji
pfirozenym lestim (Miiller et 2008).

Ptestoze jsou kovafici (Coleoptera: Elateridae) vyraznou slozkou lesnich
spoleCenstev broukli, dokumentace jejich vztahu k lesnimu prostiedi, zejména
hospodaiskych lest, je neucelena. Pfitom vétsina druhii Ceské republiky obyva pravé
lesy nebo lesostepi (Laibner 2000). V minulosti byla velka ¢ast pozornosti odbornikii
na kovarikovité brouky vénovana ptrevazné zeméde€lsky vyznamnym Skiidetim polnich
plodin, a protoze kovarici v lesich nezplisobuji vyrazné skody (Laibner 2000; Zahradnik
2005), byl jejich vyznam opomijen. Zajem o poznani fungovani lesnich ekosystémil
jako celku vsak vede ke snaze analyzovat vSechny jeho slozky, i ty zdanlivé

ne/uzitetné. Pouze zdanlivé, nebot’ jako predatofi, dekompozitofi, opylova¢i nebo

-9-



Ceska zemédélska univerzita v Praze, Fakulta lesnicka a dievaiska

potrava plni kovatikoviti v lesnim prostfedi fadu uzitecnych funkci (napt. Walters 1989;
Kristin 2002). Disertacni prace si klade za cil zlepSit poznani vztahu mezi druhové

1 ekologicky rozmanitou skupinou kovarikii a prostfedim Ceskych hospodarskych lesti.

-10 -



Ceska zemédélska univerzita v Praze, Fakulta lesnicka a dievaiska

2 CILE

Hlavnim cilem disertacni prace je utfidéni znalosti o vztahu mezi kovariky a lesnimi
porosty a jejich rozSifeni o poznatky z hospodaiskych lesi Vychodniho Polabi,
a to porovnanim kovaiiki v porostech mistné ptvodnich a nepivodnich dievin.

Stanoveny byly tyto dil¢i cile:

Q) Sumarizovat znalosti o vztahu lesniho prostiedi a kovatikovitych.

(i)  Analyzovat vztah lesniho prostfedi porosti mistné puvodni a nepuvodni

drevinné skladby a vybrané skupiny kovatikd.

(iii)  Zjistit, zda a jaky je rozdil mezi kovatikovitymi sekundarnich porosti piivodnich
a nepivodnich dfevin na urovni taxonu a zhodnotit jej ve srovnani s dal§imi

taxony.

(iv)  Zjistit druhové preference kovatiki vici vybranym charakteristikdim porosta.

-11 -
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3 ROZBOR PROBLEMATIKY

ReserSni kapitola obsahuje Ctyfi podkapitoly. Charakteristika cilové skupiny si klade
za cil poukazat na vnitini rozmanitost Celedi a na jeji vyznam v lesnim prostiedi,
a to jak zhlediska lesnického, tak ochranaiského. Druha podkapitola popisuje
védeckych zdjem o kovatikovité a hlavni sméry studia. Tieti, stézejni podkapitola
reSerSe, shrnuje soucasné znalosti o vztahu mezi kovaiiky a lesnim prostiedim,
a predstavuje naplnéni prvniho cile prace. Ctvrta a zaroven posledni podkapitola

obsahuje charakteristiku lesti Ceské republiky, ktera je potiebna pro celkovy nadhled.

3.1 Kovarikoviti — charakteristika a vyznam skupiny

Kovatikoviti (Coleoptera: Elateroidea: Elateridae) je ¢&eled fadu broukd, fazena
do nadceledi Elateroidea. Z pohledu taxonomie se jedna o parafyletickou skupinu
(Douglas 2011). Podle dosavadnich ndlezi fosilnich jedinci sahd plivod skupiny
pravdépodobné¢ do obdobi mezi svrchni a stfedni Jurou (Douglas 2011), pficemz
k ustaleni soucasnych rodi doslo béhem Paleogénu (Grimaldi, Engel 2005). Rozsiteni
Celedi je kosmopolitni. Nejsou znami pouze zastupci obyvajici oblasti vééného snéhu.
Kovaftici obsazuji téméf vSechny terestrické biotopy od nizin po hory (Laibner 2000)
véetné jeskynnich systému (Viviani, Aramal 2016). Ve srovnani s ostatnimi ¢eled'mi
broukt patii kovatikoviti mezi ty pocetnéjsi. Na celém svété se nachazi priblizné 10 tis.
druhtt v 750 rodech (Laibner 2000; Johnson 2002) a v Palearktické oblasti, ke které
nalezi Evropa, pak 1200 druh ve 160 rodech (Laibner 2000). Nejednd se pouze
o pocetnou, ale 1 rozmanitou skupinu co do velikosti, barevnosti, potravni specializace
a funkcnosti. Naopak tvarem téla je Celed’ v porovnani s ostatnimi druhové bohatymi
skupinami spiSe jednolita.

Kovafici se vyznaCuji klenutym protdhlym télem ovalného tvaru. Evropské
druhy dosahuji délek od 1,5 po 35 mm, zatimco tropi¢ti zastupci az 8,5 cm (Jagemann
1955; Laibner 2000). Hlava vétSiny druht je prognatni, vtazena do pifedohrudi. Tykadla
maji nitkovity, pilovity nebo hiebenity tvar a jsou sloZena z 11, vyjimecné 12 ¢lankd.
Pohlavni dimorfismus je vyvinuty, ale neni tak vyrazny jako u jinych skupin broukii.
2000). Charakteristickou vlastnosti dospé€lcti je schopnost vymrstit se do vzduchu

bez pouziti nohou (Evans 1972, 1973). Tento mechanismus slouzi k otoceni brouka,
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pokud se ocitne na zadech (maji pfilis kratké nohy) nebo k utéku pied predatory.
Népadny prosternalni vybézek zapada do mesosterndlni jamky a umoziuje brouku
vymrsténi do vzduchu a otoceni. Pravdépodobnost, Ze pii skoku brouk dopadne na nohy
je vSak pouze nahodnd (Ribak, Weihs 2011). Tento fenomén sdili kovafici pouze
s dals§imi dvéma celedémi broukli Throscidae a Eucnemidae (Grimaldi, Engels 2005).
Vyvoj vétsiny kovarikovitych trvd mezi 2 az 4 roky (Laibner 2000), ale v zavislosti
na ptirodnich podminkach muze trvat i delsi dobu (Blackshaw, Hicks 2012). Piikladem
je kovaiik rezavy (Elater ferrugineus Linnaeus, 1758), jehoz larvalni stadium muze
trvat az Sest let (Tolasch a kol. 2007). Larvy kovatikt, zvané dratovci (ang. wireworms),
jsou oligopodni. Télo se sklada ze 13 ¢lankd a je zluté az hnéd€ zbarveno. Hlava je
prognatni a siln€ sklerotizovana s tficlankovymi tykadly. Larvy se vyviji ve dfevé nebo
pude, kde prezimuji bud’ jako larvy (kukli se na jafe) nebo ve formé kukly, kterou
utvorili koncem 1éta nebo zacatkem podzimu. Od doby kukleni se odviji sezonni
aktivita dospélcii, kterd piipadda na obdobi kvétna a cervna nebo konec cervna
a cervenec (Laibner 2000). Mezi kovatiky jsou druhy s denni i no¢ni aktivitou.

Aktivniho pohybu jsou schopné larvy a dospélci. Pohyb larev v pidé probihd jak
ve vertikdlnim, tak horizontdlnim sméru a zévisi pfedevsim na vlhkostnich a teplotnich
podminkach, kompetici a néasledovanim potravy (Arakaki et al. 2010; Barsics et al.
2014). VétSina zastupcel kovatikovitych ma ve stddiu dospélce plné vyvinuta kiidla
a fadi se mezi aktivni letce, ale existuji i vyjimky. Nelétavé jsou druhy rodu Dima
Charpentier, 1825 (Mertlik a kol. 2017) a neotenni bezkiidlé samice v podceledich
Elaterinae (v tribu Cebrionini) a Agrypninae (v tribu Drilini; Kundrata, Bocak 2011).
Z Nového Zélandu jsou znamé nelétavé druhy endemického rodu Amychus Pascoe 1876
(Marris, Johnson 2010). Z naseho tizemi jsou znamé pouze dva nelétavé druhy rodu
Drilus Olivier, 1790 (Elateridae: Agripninae: Drilini) D. concolor Ahrens, 1812
a D. flavescens Olivier, 1790 (Zahradnik 2017).

Jak napovidd =zatfazeni celedi do podiadu Polyphaga, zahrnuje druhy
s riznorodou potravni specializaci, tj. fytofagni druhy Zivici se vyhradné rostlinnou
potravou, saprofiagni druhy Zzivici se odumielymi zbytky organismil, predatory
1 polyfagy. Pravdépodobna je také, zvlasté u saproxylickych (def. nize) druhli potravni
vazba na houby (Douglas 2011). Potravni zavislost se u nékterych druhit mezi larvami
a dospélci 1i8i. Imaga vylihla z larev predatort se Casto zivi pylem a néktera imaga
potravu nepfijimaji vibec. Neékteré druhy potiebuji pro dokonceni vyvoje zménu

potravy, napi. fytofagni druhy zivociSné bilkoviny v poslednim stddiu vyvoje
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pfed kuklenim (Zacharuk 1963). Potravni navyky fady druhli vSak stale nejsou znamé,
popfipad¢ jen domnélé ¢i parcidlni (Laibner 2000; Mertlik 2017).

Kovarici v lesnich ekosystémech nezpiisobuji vyrazné¢ skody (Laibner 2000),
pouze necktefi zastupci mohou zpisobovat prakticky nevyznamné Skody v lesnich
$kolkach okusem kofenovych vlaseénic larvami a ¢erstvych pupent dospélci (Svestka
et al. 1996; Zahradnik 2005). Naopak, kovafici v ekosystémech plni fadu prospé$nych
funkci. Saprofagni druhy svou aktivitou pomadhaji s rozkladem odumfielé biomasy.
Larvy kovarikil byvaji Casto hojn€jSimi zastupci chudych lesnich pid, ve kterych svou
aktivitou pomaéhaji s rozméliovanim opadanky a zlepSuji tim nutricni podminky
pro dalsi rozkladace (Wolters 1989), jako naptiklad kovaiik Athous subfuscus (O.F.
Miiller, 1764) ovliviiuje mélnénim opadu cyklus uhliku v pidach temperéatnich bucin
skrze uvolnovani vétStho mnozstvi Zivin pro primarni producenty. Nekteré druhy jsou
Vv larvalnim stddiu vyvoje predatory a pomadhaji regulovat populace pudniho
a podkorniho hmyzu. Mnohé druhy v dospélém stadiu vyvoje navstévuji kvetouci
rostliny a pomahaji s jejich opylovanim (Johnson 2002; Nol et al. 2006). V neposledni
fad¢ tvoii kovafici podstatnou ¢ast jidelnicku dalsch predatort, naptiklad nékterych
ptaku (Kristin 2002).

Na tzemi Ceské republiky je evidovano 154 druhii kovaiiki v 58 rodech
(Zahradnik 2017). Valna vétSina rodi je u nés prezentovana pouze jednim nebo dvéma
druhy, nékolik rodd tfemi az ¢tyfmi druhy. Druhové nejpocetnéjsi je rod Ampedus
Dejean, 1833 s 31 druhy, nasledovany rody Agriotes Eschscholtz, 1829 s 10 druhy,
Adrastus Eschscholtz, 1829 a Cardiophorus Eschscholtz, 1829 s 8 druhy a rody Athous
Eschscholtz, 1829, Melanotus Eschscholtz, 1829 a Zorochros C.G. Thomson, 1859
se 6 druhy. Ptiblizné 21 % druhii ¢eskych kovatikli upfednostituje oteviena stanovisté
jako jsou fi¢ni brehy, louky nebo pole. Zbylych 79 % druhl je moZné nalézt v lesnim
prostiedi (Laibner 2000). Lesni kovatiky je mozné jednoduse d¢lit na dvé skupiny podle
substratu, ve kterém se vyviji larvy a kde zaroven travi pfevaznou ¢ast zivota, na pidni
(druhy 27 roda) a saproxylické (druhy 22 rodi). Saproxyli¢ti jsou kovarici vyvojové
vazani na odumielé nebo odumirajici dfevo, nebo na jakykoli jiny saproxylicky
organismus V kterémkoli stadiu vyvoje (Speight 1989).

Vyhlagka Ministerstva Zivotniho prostiedi Ceské republiky &. 395/1992 Sb.
upravuje ochranu jednoho siln€¢ ohroZeného saproxylického druhu kovatika rezavého
Elater ferrugineus Linnaeus, 1758 a ohrozenych druhii celého saproxylického rodu

Lacon spp. Laporte de Castelnau, 1836 (MZP 1992). V piavodnim Cerveném seznamu
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Ceské republiky bylo zatazeno 107 druhii (dle kategorii IUCN: CR 33, EN 30, VU 25,
NT 15), véetné Ctyf povazovanych na nasem tGzemi za vyhynulé (RE 4; Vavra 2005).
Dv¢ tfetiny u nés zijicich kovaiiki byly na zakladé¢ znalosti o vyskytu, biologii
a ekologii povazovany za ohrozené nebo vzacné. I kdyz lze pfipustit, Ze nékteré druhy
byly do seznamu zafazeny naopak na zaklad¢ nedostatku informaci. Po dvanacti letech
byl ¢erveny seznam bezobratlych aktualizovan (Hejda et al. 2017). V soucasn¢ platném
seznamu figuruje 91 druht kovatikd, tedy 61 % z nich (dle kategorii: RE 3, CR 27,
EN 25, VU 22, NT 14; Zbuzek 2017). Naproti tomu asi jen 15 druhti bylo v minulosti
oznaceno za Skiidce nebo potencidlni Skiidce (Jagemann 1955; Laibner 2000), z nichz
pét bylo identifikovdno jako druhy s vyznamem pro lesnictvi, zejména lesni Skolky
(Svestka et al. 1996; Zahradnik 2005). Napitiklad imaga druhi rodu Athous Eschscholtz,
1829 okusuji mladé pupeny a rasici listy. Kalamity u nich vSak zaznamenany nebyly
(Pfeffer 1954; Laibner 2000).

Mezi nejvyznamnéjsi publikace zamétené na biologii, ekologii a vyskyt druhid
kovaiikii na uzemi Ceské republiky patii dvé monografie: Kovarikoviti — Elateridae.
Fauna CSR od Emila Jagemanna (1955) a Kovarikoviti Ceské a Slovenské republiky
Stanislava Laibnera (2000). Ptehled starsi literatury je obsazen v knize E. Jagemanna.
Posledni vyéet druhti obsahuje novy Seznam broukii Ceské a Slovenské republiky
od Petra Zahradnika (Zahradnik 2017). Vyznamnou platformou pro sdileni udajt
o nalezech, taxonomii a ekologii kovatikovitych je webovy portal www.elateridae.com
obcanského sdruzeni Elater o.s. sdruzujici pfedni ¢eské odborniky na cilovou skupinu.

K ¢innostem sdruzeni patii také vydavani internetového ¢asopisu Elateridarium.

3.2 Kovarici ve védé

Prizkumem citanich databazi (Web of Science, SCOPUS, google.scholar) lze
vysledovat hlavni sméry studia ve spojitosti se sledovanou skupinou za poslednich
40 let. Pro vyrazy oznacujici studovanou skupinu 'Elater*Y’, ‘click beetle*' (ang. ekviv.
pro kovatika), 'wireworm*' (angl. ekviv. pro dratovce), a 'Agriotes' s vynechanim

vysledkii obsahujicich vyrazy ‘'luciferase', 'luminisc*' a 'bioluminisc*' existuje

1 * znagi zkraceny vyraz, napt. Elater* mize znamenat Elater, Elaterid/s, Elateridae
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v databazich ke konci roku 2018 1519 wvysledki a 1050 po vyfazeni téch
nerelevantnich?.

K jednoznatn€¢ nejkomplexnéji feSenym tématiim patii problematika sktdct
v zemédélstvi — od determinace larev, pies jejich biologii, ekologii, rozmisténi v ptdée,
vztahy szivnymi rostlinami, pfes aplikaci postfikl, studium agregacnich latek
az po vyzkum pouziti jejich ptirozenych neptatel k biologickému boji. Nejvyrazngjsi
osobnosti na tomto poli je v soucasnosti kanadsky védec Robert S. Vernon
(34 tematickych publikaci) a nejstudovanéjSimi agrarnimi $kiadci zastupci rodt Agriotes
Eschscholtz, 1829 a Melanotus Eschscholtz, 1829 (viz Graf 1). Druhym dominujicim
tématem neni studium kovatikovitych jako takovych, ale vyuziti luciferdzy obsazené
Vv jejich téle, v bunécné biologii a v medicing.

Z druhd ochranafského vyznamu je hlavni pozornost vénovana evropsky
vyznamnému druhu kovaiiku rezavému Elater ferrugineus Linnaeus, 1758
(napf. Ranius 2002; Tolasch et al. 2007; Tolasch 2008; Andersson et al. 2014; Zauli
et al. 2014; Harvey et al. 2017; Rukavina et al. 2018). Za zminku jesté stoji nékolik
praci vénujicich se kovafiku fialovému Limoniscus violaceus (Ph.Miiller, 1843)
(napt. Zach 2003; Gouix et al. 2012; Gouix et al. 2015). Zbylé pfispévky se vénuji
zejména taxonomii (napi. Kobieluszov 2012; Mertlik et al. 2017), faunistice
(napt. Mertlik 2007), fylogenezi (napt. Douglas 2011; Kundrata, Bocak 2011),
morfologii tykadel (napf. Merivee et al. 1999), skakacimu aparatu kovaiikl
(napt. Evans 1972, 1973; Ribak, Weihs 2011), feromontim (napi. Tolasch et al. 2007;
Tolasch 2008; Tolasch et al. 2010; Téth 2013; Musa et al. 2013) nebo disperzi
(napf. Brown, Keaster 1986; Boiteau et al. 2000; Arakaki et al. 2008, 2010; Schallhart
et al. 2011; Burgio et al. 2012). Studiu lesniho prostiedi v souvislosti s kovatiky bylo
vénovano necelych 5 % zdrojii. Pro dokresleni celkové piedstavy byl sestaven graf
citaci v databazi WoS pro jednotlivé rody se zastupci na uzemi Ceské republiky

(Graf 1). Pro 47 rodi byl nalezen alespon jeden zaznam.

2 Za nerelevantni byl povazovan vysledek vyhledavani obsahujici hledany vyraz, ale studie se kovatika
netykala, napf. ,,false wireworms®, vyraz uzivany pro larvy potemnikd.
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Graf 1. Zaznamy o rodech kovaiikii vyskytujicich se v CR v databazi Web of Science.
Pro rody uvedené v grafu existuje 5 a vice zdznamu v databazi. Pro rody Denticollis Piller &
Mitterpacher, 1783, Stenagostus Thompson, 1859, Crepidophorus Mulsant & Guillebeau, 1853, Orithales
Keisenwetter, 1858, Pseudoanostirus Dolin, 1964, Paraphostitus Kishii, 1966, Ectamenogonus Buysson,
1893, Ischnodes Germar, 1844, Podeonius Keisenwetter, 1858, Potrhmidius Germar, 1847 a Oedostethus
LeConte, 1853 nebylo nalezeno nic. WoS = Web of Science.
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3.3 Kovafrici a lesy — stav poznani

Vzhledem Kk opomijeni vyznamu mnohych skupin bezobratlych v minulosti, v¢etné
kovatikovitych (viz 3.1), v literatuie stale chybi uceleny pohled na jejich vztah
k charakteristikdm lesnich porostt, zejména hospodatskych. Pouhych pét procent studii
publikovanych v recenzovanych casopisech vénovalo svou pozornost kovaiikim
v lesnim prostfedi. Kombinaci vyrazii pro taxon (konkrétn¢ Elater*, click-beetle*,
wireworm*) a pro lesy (wood*, forest*, woodland*, plantation*) bylo ve védeckych
databazich zjisténo ke konci r. 2018 46 publikaci popisujicich vztah skupiny/druhu
k lesnimu prostfedi. Casovy vyvoj publikadni aktivity ukazuje Graf 2 a prehled
geografickych oblasti Graf 3. Ve vétSin€ pfipadii byly studie situovany do lest s nizkou
nebo Zzadnou intenzitou hospodafeni (Graf 4) a cilovou skupinou byly zejména

saproxylicti brouci, v€etné kovatika (napt. Ranius 2002; Campbell et al. 2008; Miiller
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et al. 2008; Ranius et al. 2011; Hardersen et al. 2012; Vodka, Cizek 2013; Andersson
et al. 2014; Milberg et al. 2014; Gouix et al. 2015; Parisi et al. 2016). Hospodarskym
lesim s intenzivnim rezimem se vénovala sice Ctvrtina publikaci, avSak pouze

ze 3 oblasti: Severni Ameriky, Stfedni Evropy a Japonskych ostrovti.

Graf 2. Casovy vyvoj publikaci vénujicich se kovarikim v lesnim prostiedi.
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Vyhradn€ skupinou Elateridae v lesnim prostiedi se systematicky zabyvalo nékolik
autorii. Na Severoamerickém kontinentu Shelly L. Thomas zaméfila svou pozornost
na spoleCenstva kovatikli v hospodaiskych porostech statu Maine (Maine’s Acadian
Forest). Ve své praci studovala vliv zptisobu hospodateni, jeho intenzity a charakteru
mrtvého dfeva na druhovou bohatost, abundance a slozeni spoleCenstev. Vysledky
shrnula v disertacni praci (Thomas 2007) a spoluautorském clanku (Thomas et al.
2009).

Dalsi ucelenéjsi studie z prostfedi hospodaiskych lest, z vétsi ¢asti zaméfené
na kovatiky, byly provedeny na Japonskych ostrovech, kde je hospodatsky vyuzivanou
dfevinou modiin. Masashi Ohsawa srovnéaval spolecenstva kovatikii plantazovych lest,
sekundérnich lest s pfirozenou skladbou dfevin a pfirozenych lest, déale studoval
spoleCenstva riznych taxonomickych skupin, v€etné¢ kovatikli, v plantdzich modfini
s riznou dobou obmyti a charakteristik, které se tim méni (Ohsawa 2004; Ohsawa 2007;
Ohsawa 2010; Ohsawa, Shimokawa 2011).
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V Rusku byla prozatim vétSina dostupnych studii vénovana distribuci kovarika
Vv lesnich ptidach tajgy a ficnich teras ve vztahu k vlastnostem ptd (napt. Penev 1992;
Kolesnikova et al. 2012; Samoilova, Striganova 2013) a jejich antropogennimu
zneCisténi (napt. Seredyuk 2008). Nekteré vazby ¢i vlastnosti kovarikl byly zjistovany
mimo prostiedi porosti v laboratornich podminkach (napf. Zacharuk 1963; Walters

1989; Seredyuk 2008; Samoylova et al. 2016).

Graf 3. Piehled poctu studii dle geografickych oblasti severni polokoule.

Prehled geografickych oblastii studia kovafiki v lesich
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V ramci Ceské republiky byla vztahu mezi kovatiky a prostfedim starych pastevnich
lesti vénovana studie z arealu Lanské obory (Horak, Rébl 2013). Dalsi studie, obsahujici
nékteré informace o kovafikach, byly zameéfeny na saproxylické brouky, zejména
Vv porostech ochranaifského vyznamu ¢i méné intenzivniho zptisobu hospodareni
(napt. Vodka, Cizek 2013; Rac¢ansky 2016; Prochidzka 2018). Pudnim kovaiikiim
Vvlesich SV Cech, v minulosti vystavenych silnému antropogennim zneciténim,
se systematicky vénovali Kula a Svare (Kula 2009; Kula, Svarc 2010; Kula, Svarc
2012).

Studie z lesniho prostiedi s alespon ¢aste¢nym zaméfenim na kovariky Ize délit
dle zaméteni. Souhrn charakteristik porost, které byly v rdmci vySe uvedenych studii
zkoumany ve vztahu k riznym skupindm kovaftikl, zobrazuje graf 5. Nejvice studii
do jist¢ mozné miry popisuje vztah kovarikli k dievinné skladbé porosti,

mikroklimatickym podminkdm (pfevazn€ svételnym), mnoZstvi nebo charakteru
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mrtvého dieva. Dv¢ tretiny studii byli situovany do pfirozenych lest nebo lest s nizsi
intenzitou hospodafreni, jedna tietina pak do hospodaiskych lest (Graf 4). V n¢kolika

ptipadech nebyla ptirozenost porostu specifikovéana.

Graf 4. Studie dle intenzity hospodareni v porostech

Intenzita hospodafeni

B bezzasahové porosty
nizka intenzita
W vysoka

m nespecif.

Charakteristiky porostii jsou nej¢astéji vztahovany k druhové bohatosti (celkovy pocet
druhil), abundancim (celkovy pocet jedinci) a ke slozeni spoleCenstev
(rozdilnost/podobnost). Z nékterych studii je mozné vycist informace o nékterych
evropskych druzich (napf. Penev 1992; Ranius, Jansson 2000; Ranius 2002; Sverdrup-
Thygeson, Birkemoe 2009; Kula, Svarc 2010; Ranius et al. 2011; Hardersen et al. 2012;
Kolesnikova et al. 2012; Samoilova, Striganova 2013; Vodka, Cizek 2013; Hardersen
et al. 2014; Parisi et a. 2016).

V ptirozenych porostech je obecné ocekdvana vyssi mira biodiverzity, vyssi
procento specialistd, niz§i procento generalisti a uzsi vazby k mikrostanovistnim
podminkam ve srovnani s pozménénymi porosty stejné oblasti. V Japonsku byly
porovnany pfirozené porosty s dominanci dubu, sekundarni porosty ptivodni dfevinné
skladby a modfinové monokultury. Mezi tfemi typy porosti nebyly prokazatelné rozdily
v druhové bohatosti ani v poCetnostech kovariki, ale jejich spolecenstva byla naptic¢

porosty rozdilna (Ohsawa 2004).
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Graf 5. Pocet studii dle studovanych charakteristik porosti a cilovych skupin kovariki.
Charakteristiky porostu jsou sefazeny podle poctu studii na né zamétenych; do kategorie mikroklimatické
podminky byly zatazeny studie sledujici vliv otevienosti korunového patra, oslunéni vs. zastinéni,
prosvétlovani porostu; prostorova distribuce ch. = prostorové rozlozeni riznych charakteristik v porostu,
Pocet studii = pocet studii zaméfenych na charakteristiku porostu; Taxon = kategorie pro studie bez
rozliSeni nasledujicich kategorii: SXK = saproxylicti kovarici; PK = ptdni kovaftici; PG = potravni guildy;

DK = studie obsahujici informace na druhové urovni.
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Naopak endemicti kovatici oceanskych ostrovii Japonska ukdzali jasné preference
pro piirozené porosty, jak v poctech druht, tak v abundancich, ve srovnani s porosty
nepuvodni invazivni dieviny (Sigiura et al. 2008; Sigiura et al. 2013). Pfi porovnani
spolecCenstev saproxylickych kovatikit v bezzdsahovych lesich, lesich s nizkou

a vysokou intenzitou hospodaieni v Némecku byly druhové bohats$i prvni dva typy
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porosti (Miiller et al. 2008). Studie porovnavajici smiSené puvodni a smisSené
hospodaiské lesy sriznym typem managementu v regionu Velkych jezer, ptivodné
zamé&fena na stfevliky (Carabidae), ukazala vyss§i hojnost jednoho druhu rodu Agriotes
Eschscholtz, 1829 v porostech shospodafenim ve srovnani s pfirozenymi porosty
(Werner, Raffa 2000).

Zptisob hospodareni v lesich a jeho intenzita ovliviiuji strukturni charakteristiky
porosti, mikroklimatické podminky a mnozstvi a charakter mikrostanovist.
Na severozapadé USA pii pobiezi Pacifiku byly porovnavany riizné intenzity probirek
v porostech Pseudotsuga menziesii na spolecenstva létajictho hmyzu. Druhy rodu
Ampedus Eschscholtz, 1829 byly sice korelovany s brzkou jarni sezonou, ale zadny vliv
intenzity probirek zjistén nebyl (Yi 2007). Podobné, ve studii ze SV USA (Thomas et
al. 2009), ktera srovnavala dvé intenzity probirek (10% nebo 20% za 10 let) se neliSili
abundance patnacti nejhojnéjSich druhi saproxylickych kovatikli a spoleCenstva
se z 60 % prekryvala. Naopak ¢tyfi bézné druhy méli vyssi pocetnosti v ¢astech porostt
bez probirky. Jediny druh rodu Agriotes Eschscholtz, 1829 byl oznacen za indikator
20% intenzity probirek.

Stari porostu je urcujici zejména pro mikroklima a vyvoj mikrostanovist’. Stari
porostu sice nemélo vliv na alfa diverzitu dratovci ptirozenych lest rozsadhlé oblasti
ruskée tajgy (Penev 1992), ale do v€kové kategorie mladych lest byly zahrnuty i staleté
porosty, které jsou z pohledu lesniho hospodafe povaZzovany za mytné. Zbylé kategorie
tvofily lesy relativné staré ve véku 100-200 let a velmi staré¢ 200-300 let. ProdlouZzenim
doby obmyti v modifinovych plantdzich ze 40 na 80 let dochdzi ke zméné tady
ekologickych podminek v porostech a tim i spoleCenstev kovarikd. Jejich abundance
byly prokazateln€ vysSi v lesich s delSi dobou obmuyti, tedy starSich, a jeden druh
kovarika, ktery je spojovany s plvodnimi lesy, byl pocetnéjsi pravé v lesich
s prodlouzenym obmytim (Ohsawa, Shimokawa 2011). Studie z hospodatskych lest
v Belgii také ukazala odlisné vysledky. Biomasa riiznych skupin a potravnich guild byla
porovndvana mezi porosty tfech sukcesnich staddii sriznym typem hospodateni,
riznych velikosti a dfevinné skladby. Zde byly larvy kovarikli nejhojnéjsi v porostech
prvniho sukcesniho stadia (3-10 let) a prokazateln¢ vysSi v dubovych porostech
mytného véku ve srovnani s bu¢inami, smré¢inami a smiSenymi porosty (Pontégnie et al.
2005). V ptadach bukovych porostii Arden (Belgie) byla spoleCenstva saprofagnich
kovarikli bohatsi v chudSich humusovych horizontech (David et al. 1993). Ani jeden
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z uvedenych ¢lankt vSak neuvadi vysledky na druhové Grovni a v rdamci vyhodnoceni
potravnich guild, byly kovafici smiSeni s ostatnimi skupinami bezobratlych.

Dtevinnd skladba byla do jist¢ miry zohlednéna ve vSech lesnich studiich.
Ponechéavani pivodnich dievin v hospodarskych porostech neptivodnich dfevin poméaha
udrzovat biodiverzitu kovaiikii v modiinovych plantazich Japonska (Ohsawa 2007).
Dieviny svym opadem ovliviiuji kyselost pidy a tim spolecenstva pudnich kovaiiki.
Pti srovnavani ptidnich zivocichli hospodarskych smréin a smisenych smrko-bfezovych
porostll ve Svédsku byly viechny zkoumané ptdni skupiny, véetné kovaiiki, bohatsi
ve smiSenych porostech, pficemz pravé kovatikoviti patfili ke skupindm s vyraznym
rozdilem (Saetre et al. 1999). Naopak ve studii z Némecka, ve které byly porovnavany
ruznoveké Cisté a smiSené porosty smrku a buku, vykazovali kovatici znacné vysSich
abundanci v Cistych smréinach a viibec nejnizsi v porostech s Cistym bukovym opadem,
pricemz vek porostu nebyl dilezity a smrkové a smiSené porosty si byly ve vztahu
k abundancim kovatika blize (Scheu et al. 2003).

Rozdilna vertikalni struktura spoleCenstev, zndma pro jiné skupiny broukil
(napt. Weiss et al. 2016; Sheehan et al. 2019), u kovatikll v porostech zatim dolozena
nebyla. Dvé studie se zabyvaly vyskovymi Grovnémi porostli, ale rozdily v druhové
bohatosti ani pocetnostech kovarikli mezi korunovym patrem a ptizemni vyskou nebyly
zjiStény (Ulyshen, Hanula 2007; Hardersen et al. 2014). Podobnosti spoleCenstev
se vSak tyto studie nezabyvaly.

Otevienost  korunového patra ovliviluje  mikroklimatické  podminky
propousténim slune¢nich paprski dovnitt porostu. Pozitivni vliv byl prokazan naptiklad
pro spolecenstva saproxylickych kovatikli v obordch a pastevnich lesich, zejména
oslunénim mrtvého dieva (napt. Hordk, Rébl 2013), pro druhovou bohatost 1 abundance
kovarikli v lesich Japonskych ostrovii (Ohsawa 2004; Sigiura et al. 2009), 1 kdyZ ne
vzdy (Ohsawa, Shimokawa 2011). Naopak prosvétleni porosti dvéma raznymi
intenzitami  probirek neprokazalo vyraznou odezvu v abundancich patnacti
nejpocetnéjSich druht kovatfiki a druhovd spolecenstva porosti obou intenzit
se prekryvala ze 60 % (Thomas et al. 2009).

Jak bylo uvedeno vysSe, saproxylické druhy utvafi vyznamny podil druhové
diverzity skupiny. V lesich obyvaji stromové dutiny, vyviji se v pafezech, stojicich
torzech nebo padlych kmenech. Velky podil saproxylickych kovatikti zaroven figuruje
v Cervenych seznamech fady Evropskych zemi (Nieto, Alexander 2010). Pravé celkové

mnozstvi mrtvého dieva bylo hlavnim faktorem s pozitivnim vlivem na pocty druha
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V bezzasahovych porostech a porostech snizkou intenzitou ve srovnani
S hospodarskymi lesy v Némecku (Miiller et al. 2008). Rozméry kmene, stupen
rozkladu 1 typ (mékké vs. tvrdé) dfeva mély vliv na spoleCenstva kovariki v lesich
na SZ USA (Thomas 2007; Thomas et al. 2009). Piestoze je vliv mrtvého dieva
vztahovan vyhradné k saproxylickym druhim, prostorova distribuce druhu Athous
haemorrhoidalis (Fabricius, 1801), ktery je vyvojové vazan na pudy (Laibner 2000),
piekvapivé korespondovala s prostorovym rozlozenim stojicich torz a padlych kment
Vv reliktnim jedlovém porostu centralnich Apenin. Podobné i pro druh Nothodes
parvulus (Panzer, 1799) byly dilezité mrtvé stojici stromy. Korelace piitomnosti
stojicich torz a padlych kment s otevienosti korun, kterd miva vliv na bylinné patro
a mikroklima, pfitom zjiSténa nebyla (Parisi et al. 2016). Saproxyli¢ti kovafici byli
nejCastéji  studovdni ve vztahu ke stromovym dutindm, konkrétné jejich
charakteristikdm a pfitomnosti dutinovych stromt v okoli. Ve §védské studii dva druhy,
Ampedus cardinalis (Schiodte, 1856) a Elater ferrugineus Linnaeus, 1758, preferovali
dutiny vyvinuté ve vyS$ich partiich kmene (Ranius 2002). Druhy jmenovany druh navic
chybél na stanovistich s mén¢ jak deseti dutinovymi stromy. Pro kovaiika Limoniscus
violaceus (Ph.Miiller, 1843) je dilezitym faktorem vys§i vlhkost trouchu v dutinach
(Zach 2003).

Mnoh¢ larvy lesnich kovaiikii s vyvojem v pladach jsou pravdépodobné
nachylné vic¢i vysokému zamokieni. Pfi srovnani lesnich spolecenstev na gradientu
od zaplavové zony az po horni partie ficnich teras IrtySe a Sysoly, stoupa druhova
bohatost i abundance (Kolesnikova et al. 2012; Samoilova, Striganova 2013). Pouze
jeden druh, Selatosomus impressus (Farricius, 1792) byl pfitomen i v nejvlh¢ich pudach
zaplavové zony (Kolesnikova et al. 2012). K podobnému vysledku dospélo modelovani
distribuce dratovct v zemédé€lskych ptidach v Iowé (Lefko et al. 1998). Rozsahl4 studie
stepi a lesostepi s dominanci dubu letniho (Quercus robur) stfedni a jizni tajgy v Rusku
vylisila podél gradientu zemépisné Siiky pét spoleenstev pudnich kovatikt. K vihkosti
pudy byl citlivy Athous haemorrhoidalis (Fabricius, 1801), s prokazateln¢ vysSimi
abundancemi v teplejSich a sussich pidach opadavych lesti nizSich poloh, naopak
A. vittatus (Fabricius, 1792) byl v susSich padach méné hojny (Penev 1992). Athous
subfuscus (O.F. Miiller, 1764) a Dalopius marginatus (Linnaeus, 1758) byly pozitivné
ovlivnéni zemé&pisnou Sifkou a negativné hloubkou humusu. Naznaceny negativni vliv

teploty nebyl statisticky vyznamny a spoleenstva na podzolech a pis€itych ptidach
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si byla velmi podobné. Vlhkost piidy nad 17 % je povaZovana za kritickou pro pfeziti
dratovct v pidé (Lefko et al. 1998).

Studie ptidnich kovaiik ze SZ Cech, oblasti s lesy postizenymi antropogennim
znecisténim, porovnavajici abundance dratovct v pudé 36 lesnich porostii rizné skladby
(Fagus sp., Betula sp., Quercus sp., Pinus sp., Larix sp., Abies sp., Picea sp.) a véku
(od velmi mladych porosti po mytné), prokazala vyssi poCetnosti dratovcl v borovych
porostech splevely a v modfinovych porostech a prokazatelné niz$i v olSinach
a porostech smrku pichlavého (Picea pungens; Kula, Svarc 2012). Dale byly
pozorovany niz§i pocetnosti dratovcti v padach bifezovych porostli s vyssim pH
(Kula 2009). Nizka diverzita kovaiikii a vysoké pocetnosti byly pozorovana v ptidach
bukovych a smrkovych porostii PR Kienhaida (Krusné hory), obklopenych intenzivné
vyuzivanymi porosty rtiznych dfevin s buldozerovou tpravou pldy. Vytvoiené pltdni
valy se vyznacovaly vys$si druhovou diverzitou, ale nizkymi abundancemi. V prostoru
mezi valy byla primérnd diverzita a nizké abundance. Rozhrnutim vali se nijak
nezménily abundance kovatiku, protoze se zvysily pocetnosti druhu Athous subfuscus
(O.F. Miiller, 1764). Rozhodujici proménnou byl stupeit zabufenéni porostu

(Kula, Svarc 2010).

3.3.1 Shrnuti

Z vysledkt publikovanych studii z riznych oblasti, zaméfenych na rtizné taxonomické
¢i ekologické urovné skupiny a sledujicich rtizné charakteristiky porostli, neni snadné
odvodit obecné platné vztahy mezi lesnim prostfedim a kovariky. Hodnoceni druhové
bohatosti a po€etnosti na trovni celého taxonu znesnadnuje vnitini rozmanitost skupiny
(Parisi et al. 2016). Interpretace vysledki se zda uchopitelnéjSi na nizSich,
taxonomickych ¢i ekologickych, trovnich. Mezi vlivné faktory patfi otevienost
korunového patra, dfevinna skladba porostu, mnozstvi, charakter a rozmanitost mrtvého
dieva, pocty dutin, vlhkostni podminky a kyselost pidy. VSechny tyto faktory jsou
ovlivnény mirou antropogenniho vlivu a pfirodnich disturbanci. Vliv vertikdlni
struktury porostu zatim doloZen nebyl.

Pro spolecenstva lesnich kovatfikli je kli¢ovd druhovd skladba dfevin,
ktera ovliviiuje jak druhy s vyvojem v pud¢, tak druhy s vyvojem ve dievé. Dieviny
svou podstatou urcuji charakter mrtvého dieva a svym opadem ovliviiuji svrchni vrstvy

pudy, ve kterych se dratovci zpravidla zdrzuji (Wolters 1989). V ptidach s nizkym pH
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a chuds$im horizontem humusu byvaji druhové chuda spolecenstva kovatikl s vyssimi
pocetnostmi (napf. Penev 1992; David et al. 1993; Scheu et al. 2003; Kula 2009;
Kula, Svarc 2010), ale nemusi to byt pravidlem (viz Saetre et al. 1999; Pontégnie et al.
2005; Kula, Svarc 2012). Pro saproxylické kovatiky je kli¢ové mnozstvi i riznorodost
mikrostanovist, tj. mrtvého dfeva a dutin, v porostech (Miiller et al. 2008; Thomas
2007). Zejména mrtvé dievo vétSich rozméri (Thomas et al. 2009) a jeho oslunéni maji
na poCty druhli i pocCetnosti kovaiika pozitivni vliv (Hordk, Rébl 2013). Veteranské
stromy jako soucast lesnich porostii maji také své opodstatnéni (Ohsawa 2007), nebot’
umoziuji vyvoj rozmérnych dutin a po odumfieni po nich zistdva velky objem mrtvé
dfevni hmoty. Rozmanitost stanovist’ je dulezita z pohledu druhové trovné, kdy rizné
druhy vykazuji odlisné preference. Omezenou nabidkou stanovist’ je tak redukovana
celkova bohatost druhti. Mista s vy$$i koncentraci mikrostanovist’ koresponduji s vySsi
druhovou diverzitou skupiny (Parisi et al. 2016). Pro pidni druhy je dale klicova
vlhkost ptdy, ktera by neméla klesnout pod 17 % (Lefko et al. 1998). Lesni kovafici se
vSak az na nékteré vyjimky také vyhybaji zamokienym pidam (Kolesnikova et al. 2012;

Samoilova, Striganova 2013).

3.4 Lesy Ceské republiky

Lesy pokryvaji témét 34 % (2,61 mil. ha) celkového tzemi statu a tvoii tak vyznamny
prvek ceské krajiny (Obrazek 1). Nadpoloviéni ploch lest (56 %) vlastni stat, 19 %
fyzické osoby, 17 % obce a mésta, zhruba 3 % pravnické osoby, témét 3,5 % cirkevni
a nabozenské spolky a pres 1 % vlastni lesni druzstva a spolecnosti. Podle zplisobu
vyuziti jsou ze 74,3 % (1,94 mil. ha) zastoupeny produkéni lesy, 23,7 % (617 tis. ha)
lesy jiného vyuziti a 2,1 % (53 tis. ha) lesy ochranafského vyznamu. Pfirozené a ptirodé
blizké lesy pokryvaji jen 1,1 % lesnich ploch (29,1 tis. ha; Kolektiv autord 2018).
Pfiblizn¢ pted 150-200 lety doslo k hlavnimu pfevodu porosti na vysokokmenné
zapojené porosty s produkéni funkci (Horak, Chobot, Hordkova 2012) a podobné jako
jinde v Evropé¢ se i v nizsich polohach zacaly péstovat monokultury rychleji rostoucich
jehlicnant s krat§i dobou obmyti (Carnus et al. 2006). Podle potencidlni pfirozené
vegetace (Neuhasslova, Moravec 1998) by na tzemi, zejména v nizSich a stfednich
polohdch mély dominovat listnaté lesy (podilem 65,3 %) a jehli¢naté lesy by mély
pokryvat hlavné¢ vys$s§i polohy (podilem 34,7 %), s vyjimkou azonalnich bort
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na propustnych pisCitych pidach. V soucasné dobé vSak dominuji lesy jehli¢naté
s 71,8 % lesnich ploch. Nejcastéji péstovanymi jehli¢nany jsou stale smrk ztepily (Picea
abies) s 50,3 % a borovice lesni (Pinus sylvestris) s 16,3 % vsech lesnich ploch. Ostatni
jehlicnany, vcetné jedle bélokoré, zabiraji zbylych 5,2 % ploch. Nej€astéji péstovanymi
listnaci jsou buk lesni (Fagus sylvatica) s 8,4 % a duby (Quercus spp.) s 7,2 % lesnich
ploch. Ostatni listnaté dfeviny vyuzivané v ¢eském lesnictvi pokryvaji 11,4 % lesnich
ploch. Kazdoro¢ni plocha holin se pohybuje okolo 1,1 az 1,2 % vyméry lesni plidy
(Kolektiv autorti 2018).

Potential natural vegetation according to Neuhaslova et al. (2001)

Aﬂ Forests in the Czech republic

deciduous

conifers

Potential natural vegetation
main tree species of association
oak
beech
pine
elm - ash
fir
I spruce
I scree and ravine woodlands

z 0 25 50 75 100 km
succession stages on anthropogenic stands I water bodies

Obrizek 1. Potencialni a sou¢asny stav listnatych a jehli¢natych lesii v Ceské republice.

Svétle zelena barva znaci soucasné listnaté lesy, tmavé zelend barva soucasné jehli¢naté lesy. Podkladova
mapa (Neuhasslova, Moravec 2001) ukazuje zony potencialni pfirozené vegetace: duby - Zluta barva,
buky — oranzova b., borovice - svétle hnéda b., jilmy, olSe — ruzova, jedle — Sedozelena, smrky — temné
zelend, sukcesni stadia na antropogennich pudach — svétle fialova b. a vodni télesa — modra barva.

K vytvoreni obrazku byl pouzit SW ArcGIS 10.5.
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Vekové tridy 1. (1-20 let) az V. (81-100 let) se dle vyméry porostni pidy pohybuji
shodné kolem 15 % a lesy nad 100 let (VI. a VIL v.t.) pokryvaji 20,4 % porostni pudy.
Zakmenéni se pohybuje od 86 % v nejstarSich porostech po 98 % v nejmladsich
porostech. Pramérny v€k obmyti v hospodaiskych lesich je dnes 111 let, v lesich
zvlastniho urceni 126 let a v lesich ochrannych pak 148 let (Kolektiv autorti 2018).
Diky ceské legislativé nedochézi k tibytku lesni pidy. Majitelé lesnich pozemki
maji povinnost opétovného zalesnéni do dvou let od t€zby a lesni piida nesmi byt
vyuzivana jinym zpiisobem, pokud to neni nezbytn¢ nutné. Maximalni povolena plocha
holé seCe je stanovena na 1 ha, minimalni vék porostu na 80 let a zakmenéni nesmi
klesnout pod sedm desetin pIného zakmenéni (Zakon ¢. 289/1995 Sb.). Legislativa tedy
do jist¢ miry ovliviiuje zapojeni korunového patra a snim spojené¢ svétlostni
a mikroklimatické podminky v podrostu, prostorovou konfiguraci lesti v krajing,
ktera se pfili§ neméni, i jejich vnitini ¢lenéni. V jednom lesnim komplexu je mozné
nalézt listnaté, smiSené i jehli¢naté lesy v rizném poméru, prostorové konfiguraci, véku,
pivodni i nepivodni dievinné skladby, ¢asto s ostrym rozhranim a s pfitomnosti pasek

po holosedi (Obrazek 2). Soucasny stav lesnich porostii CR je tak vysledkem jejich

premény v minulosti, soucasné legislativy, ekonomiky a zajmu vlastnik.

Obrazek 2. Ukézka horizontalni ¢lenitosti hospodaiskych lesii ve Vychodnim Polabi (1: 15 000; CUZK)
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4 METODIKA

4.1 Modelové uzemi

Pro ucely studie byly vybrany hospodaiské lesy oblasti Vychodniho Polabi
rozprostirajici se na ploSe 6500 ha. Oblast se vyznacuje relativné homogennimi
abiotickymi podminkami a wumoznuje tak zaméfeni pozornosti na samotné
charakteristiky porostii. Ty piedstavuji reprezentativni vzorek nizko polozenych lesi,
které v minulosti prosly pfeménou dfevinné skladby a pro které plati zna¢na vnitini
¢lenitost vyplyvajici ze zptisobu hospodafeni. Vesmés jednoetazové lesy maji prevazné
produkéni funkci. Podle mapy potencidlni pfirozené vegetace by v oblasti mély
pfevaZzovat listnaté dubohabrové lesy s piimési buku (Neuhasslova, Moravec 1998).
Matrici porostii vSak tvofi bory (Pinus sylvestris), doplnéné dubovymi (Querceus
petraea) a smrkovymi (Picea abies) porosty. Bu¢iny (Fagus sylvatica) se nachazi pouze
na malé ploSe ptikrého severovychodné orientovaného svahu v jiznim cipu lesniho
komplexu. Pfimési doubrav jsou tvofeny habrem obecnym (Carpinus betulus) a lipou
srd¢itou (Tilia cordata), ptimési smréin borovici lesni (Pinus sylvestris), modiinem
opadavym (Larix decidua) nebo jedli bélokorou (Abies alba). Porosty pokryvaji
Hornojelenskou plosinu (¢ast Ceské tabule; Balatka, Kalvoda 2006), jejiz nadmoiské
vyska pozvolna narlGstd od severozdpadu smérem k jihovychodu (vyskové rozpéti
265-353 m n.m.). Uzemi néalezi kteplé klimatické oblasti se 400 mm srazek
ve vegetaénim obdobi (Atlas podnebi Ceska 2007). Pudni pokryv je tvofen pievazné
kambizemi (arenickou a dystrickou) a pararendzinou (ogelejenou a kambickou), misty
doprovazené pseudogleji (districky) a podzoly (arenicky a oglejeny; Pidni mapa
1: 50 000, CGS).

Z celého tzemi byly vybrany dva typy porosti mytniho véku, doubravy
a smréiny. Doubravy reprezentuji v izemi svou skladbou pfirozené porosty (Chytry,
Kucera, Koc¢i 2001). Smréiny jsou naproti tomu mistné nepiivodni. Oba typy porostl
tvofi oddé€lené ostrivky V matrici riznovékych borovych porostl. Borovice je sice
plosné nejvyrazngjsi dfevinou, ale zaroven mistné ptivodni, 1 kdyz v minulosti tvoftila
pravdépodobné spise ostrivkovité plochy (Neuhasslova, Moravec 1998). Porovnani
tiech typt porostd, tj. véetné borovych, nebylo mozné, nebot’ v oblasti nebyl nalezen

dostate¢ny pocet borti mytného véku. Plosné zastoupeni dubovych a smrkovych porostl
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bylo v oblasti srovnatelné. Celkem bylo v zemi nalezeno 15 para dubovych

a smrkovych porosti mytniho véku.

Obrazek 3. Rozmisténi pasti v porostech. Listnaté porosty jsou vyznaleny svétle zelenou barvou,
jehli¢naté porosty tmavé zelenou. Svétla Sedozelend barva ukazuje historicky dolozené plochy lesnich
porosti (Loskotova 2010). Odchytova mista pro kovatiky jsou oznaCena Cernymi puntiky - doubravy,
a ¢ernymi trojuhelniky — smr¢iny. Obrazek byl vytvoten v sw ArcGIS 10.5 (ESRI).

4.2  Sbér dat
4.2.1 Odchyt kovarikt

Volba spravné metody odchytu je klicovd a odvisla od vyty¢enych cili studie
(Sverdrup-Thygeson, Birkemoe 2009). Napiiklad ve studii zkoumajici zastupce skupin
vyhledavajici kvéty v podrostu byly pro kovatiky nevhodné pouzity padaci pasti.
Vysledkem byly celkové velmi malé pocty odchycenych kovatikli i pfes dvoulety
odchyt a vysokou intenzitu vzorkovani (Nol et al. 2006). Metod pro standardizovany
odchyt kovaiikti je nékolik. Pro studium vztahu kovatikii k lesnim pidam byvaji

odebirany ptidni vzorky, které jsou nasledné prosévany nebo odvezeny do laboratote
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k dal$imu zpracovani. Pro studium dutinovych druhti jsou pouzivany padaci pasti, nebo
prosevy dutinového trouchu. Pro studium uzsich vazeb druhii k charakteru zkoumanych
mikrostanovist’ byvaji pouzivany tzv. emergence traps. Za cilem studia kovaiika
ve vztahu K porostu byva nej¢astéji zvolen odchyt do narazovych pasti (okenni typ nebo
Malaiseho, viz 3.4). Ty jsou vhodné pro zjistovani druhového spektra, abundanci,
letové aktivity nebo rozdill ve vertikdlni struktufe spolecenstev. Jejich vypovidajici
schopnost je ovSem zavisla na umisténi (Sverdrup-Thygeson, Birkemoe 2009). Zatim,
Co pasti zavéSené na kmeny =zachycuji spiSe spoleCenstva samotné dieviny
a VvV odchyceném materidlu byva vétsi pomér specialistli vazanych na danou dievinu
(Sverdrup-Thygeson, Birkemoe 2009), samostatné stojici pasti zachycuji druhové
spektrum druhti vice odrazejici charakteristiky porostu.

V zajmové oblasti byly kovatici odchyceni do samostatné stojicich pasivnich
narazovych pasti kiizového typu (viz Bouget et al. 2008; Horak 2011; Obrazky 3 a 4),
umisténych vzdy do stfedu porostu s cilem vyvarovat se okrajovému efektu (Ohsawa
2004). Pasivni narazové pasti jsou neselektivni a pro cilovou skupinu broukl velmi
efektivni odchytové zafizeni. Metoda sice nemusi =zachytit vSechny druhy,
ale pro porovnani spolecenstev riznych typl porostl je vhodné&jsi. Zjisténa spoleCenstva
vice odpovidaji podminkam prostfedi porosti (Hyvidrinen et al. 2006) na rozdil
od dal$ich metod, které jsou vice selektivni. Kiizovy typ pasti pak umoznuje odchyt
aktivng 1étajictho hmyzu ze vSech smért (radius 360°). Kazda past byla slozena ze ti
prahlednych plexisklovych dili (jeden 40 x 50 cm a dva 20 x 50 cm), trychtyte,
vedouciho brouky po narazu do plexiskla do sbérné nadobky naplnéné fixa¢ni tekutinou
(nasyceny solny roztok s malym mnoZstvim detergentu pro naruseni povrchového
napéti kapaliny). Stfisky kruhového tvaru (primér 45 cm) chranily pasti pied destém.
Kazda past byla pied deStém chranéna stfiSkou kruhového tvaru (primeér 45 cm). Pasti
byly pfipevnény na kovovych tyCich a vyska stfedu pasti odpovidala ptiblizné vycetni
vysce a vysce kefového patra. Odchyt kovatiki probehl ve vegetacni sezon€ 2011. Pasti
byly aktivovany koncem bifezna a deaktivovany koncem fijna. Odchyt probihal po dobu
179 dni. Pasti byly vybirdny ve 2-3 tydennim intervalu v zavislosti na pocasi.
Odchyceni kovarici byly v laboratofi ze vzorkli vybréni, spoCteni a postoupeni

k determinaci do druhové urovné Janu Pavli¢kovi.
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Obrazek 5. Ukazka narazové pasti ve smrkovém porostu
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4.2.2 Kovarikoviti - zavislé proménné

Kovarici jsou druhové bohata a ekologicky diverzifikovana celed’, jejiz vétsi ¢ast obyva
na uzemi Ceské republiky pravé lesy (Laibner 2000). Vnitini rozmanitost skupiny je
Castym divodem, pro¢ vysledky za cely taxon nekoresponduji s vysledky pro nizsi
taxonomické Grovné (napf. Ohsawa 2004; Thomas et al. 2009). Proto byl vztah
kovatiki k porostim ptivodnich a nepiivodnich dfevin analyzovan na tfech trovnich:
taxonomické, ekologické a druhové.

Pro zjisténi vztahu mezi skupinou a prostiedim hospodaiskych lesi ptivodni
a nepuvodni dfevinné skladby bylo pouzito 8 charakteristik skupiny. Pro zhodnoceni
celého taxonu bylo pouzito 6 proménnych charakterizujicich skupinu, z nichz prvni tfi
(nize odrazky 1.-3.) jsou b&zn¢ uzivany pii studiu biodiverzity. Pro jejich omezenou
interpretacni schopnost (Gibb et al. 2013) byly doplnény o jednu funkéni (nize odrazka
vybran rod pudnich kovafiki Athous Eschscholzt, 1829. Zastupci rodu casto tvoii
vyraznou slozku lesnich spoleCenstev, ale jejich vztah k porostim nizkych poloh nebyl
doposud popsan. Tato skupina byla hodnocena porovnanim spolecenstev (nize odrazka
7.) mezi porosty mistné¢ puvodnich a nepivodnich dfevin. Pomoci pocetnosti
(nize odrazka 8.) jednotlivych druhli bylo mozné zjistit preference n¢kterych druha vici

vybranym charakteristikam prostfedi porostd (viz podkapitola 4.2.3).

1. Druhova bohatost (species richnes) oznacuje absolutni poc¢et druhi na past.

2. Pocetnosti (abundance) znamenaji absolutni pocet jedincti na past.

3. Druhova diverzita byla popsana Shanonnovym indexem diverzity H’,

H>=-> piln (pi).

4. Délka tela (body lenght) byla vyjadiena souctem vSech priimérnych délek tél druha,
které byly vycteny z literatury (Laibner 2000). Délka téla je zastupnou proménnou
vyjadiujici velikost téla (Dupont, Nielsen 2006; Fountain-Jones et al. 2015). Tato
funkéni proménné se muize lisit v zévislosti na podminkéch prostfedi a mize slouzit
jako proxy proménna biomasy.

5. Vzdcnost (rarity) byla vyjadiena souétem mapovacich &tverct CR, ve kterych
se druhy nevyskytuji (Dusanek, Mertlik 2015).

6. Status v cerveném seznamu (Red list) byl vyjadien hodnotami kategorii dle TUCN.

Kategorie byly druhlim pfifazeny na zakladé¢ cerveného seznamu bezobratlych

-33-



Ceska zemédélska univerzita v Praze, Fakulta lesnicka a dievaiska

(Farka¢ et al. 2005). S vyss$i hodnotou by mél rlst vyznam porostu pro ochranu
vzacnych druhti a naopak.

7. Druhova skladba (species composition) byla pouzita k porovnani spoleCenstev
vybrané skupiny kovartiki, konkrétné pudnich kovaiikt rodu Athous ve dvou typech
porostu.

8. Pocty jedincii jednotlivych druhli na past byly pouzity ke zhodnoceni druhovych

preferenci vici lesnimu prostiredi.

4.2.3  Faktory lesniho prostfedi — nezavislé proménné

Faktory lesniho prostiedi byly vybrany ve vztahu ke studovanému taxonu a cilim préce,
tj. zhodnocenim vlivu hospodaiskych porostti mistné ptivodnich a neptivodnich dievin
na kovatikovité. Data o prostfedi, ve kterém se brouci vyskytovali, byla ziskana dvéma
zpusoby. Distancné byly ziskdny prostorové metriky porostli (rozloha). Prezencné,
pifimo v porostech, byly zjiStovany charakteristiky lokdlniho méfitka (tj. otevienost
korunového patra, dievinna skladba, pokryvnost pudy bylinami, mechy, pokryvnost
kefi, prumér kmene, nelesni plochy, pocet pafezli) a to na tiech plochach kruhového
tvaru s perimetry 10, 20 a 40 m okolo kazdé pasti (tj. 314 m?2, 1 256 m?, 5 024 m?%
vyjma prvni jmenované). Tfi rizné perimetry byly zvoleny za tcelem zjisténi urovné,
na které podminky porostu nejlépe charakterizuji zjisténa spoleCenstva vybrané skupiny

kovariku.

Drevinna skladba

V obou typech porosti bylo zaznamenano procentudlni zastoupeni vSech dfevin
na plochach tfech velikosti. Duby zimni (Quercus petraea) predstavuji v oblasti
puvodni dievinu a reflektuji kontinuitu pivodnich dfevin. Smrky ztepilé (Picea abies)
jsou v oblasti nepiivodni a reflektuji historickou disturbanci, tj. naruseni kontinuity

pivodnich dfevin v porostech (Neuhasslova, Moravec 2001).

Plocha porostu

Podle teorie ostrovni biogeografie (McArthur, Wilson 1967) roste s plochou ostrova
poCet druhi a jedincii. Teorie byla mnohokrat ve vztahu ke hmyzu aplikovana
na fragmentované lesni prostfedi pevnin (napi. Bender, Contreras, Fahrig 1998;
Laurance et al. 2002; Lovei et al. 2006; Vasconcelos et al. 2006; Irmler et al. 2010).

Ukazuje se, Ze na pevnin¢ ma teorie své limity (Webb et al. 2008) a pfi jejim
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uplatiiovani je tfeba pftihlizet k vlastnostem druhii (Collinge 2009) i podminkdm
v porostech. Velikost porostu (ha) byla zjisténa distanéné pomoci hospodaiskych plant
a satelitnich snimki v sw ArcGIS spolecnosti ESRI. Protoze jsou satelitni snimky
pofizovany v riznych letech, byly hranice porostii ovéieny v terénu. Minimalni plocha
pfi vybéru porostll byla stanovena na 1 ha, maximalni zjisténa plocha 3,81 ha a primér
2,06 ha.

Otevrenost korunového patra

Rada studii prokazala vliv mikroklimatickych podminek na brouky (nap#. Vodka et al.
2009; Horak, Rébl 2013). Otevienost korunového patra urcuje, kolik svétla pronikne
do porostu, ¢imz tyto podminky ovlivituje. Zejména v hospdodatskych lesich otevienost
korun reflektuje miru disturbanci. V porostech byla zjiStovana pomoci hemisférickych
fotografii pofizenych Nikonem Coolpix 995 s objektivem typu rybi oko (Nikon FC-E8)
s thlem snimani 180°. Kazda fotografie byla sejmuta z vrsku pasti. VSechny fotografie
byly pofizeny pfiplném olisténi korun a pfi zataZzené obloze, tak aby se piedeslo
velkym svételnym kontrastim (napf. oslunéné ¢asti kmene, prinik ptimych paprskt do
¢oc¢ky apod.), které by vedly k chybam ve vyhodnoceni. To bylo provedeno v programu
Gap Light Analyzer 2.0 (Frazer et al. 1997). Ten pomoci prahové hodnoty pfifadi pixely

bud’ vegetaci nebo nebi a spocita procentudlni zastoupeni obou kategorii.

Charakteristiky v podrostu

V podrostu byly na stejnych plochich zaznamendny pokryvnosti mechu, cévnatych
rostlin, kefli a procento plochy obnazené pidy. MnoZstvi cévnatych rostlin mize mit
vliv na abundance nékterych druhi studované skupiny, kefe mohou ovlivnit letovou
aktivitu tvorbou bariér a tim uspé$nost odchytu. Procento obnazené pudy mélo

naptiklad pozitivni vliv na pocetnosti kovatika Nothodes parvulus (Parisi et al. 2006).

Pocet parezii

V kazdém porostu byly spocitany vSechny parezy mladsi péti let (pafezy s borkou).
Protoze se jednda o monokulturni porosty, velikost pafezi byla srovnatelna. Tato
proménna reflektuje nedavné lokalni disturbance a intenzitu managementu v kazdém
porostu (napf. nahodila tézba). Pocty pafezii by navic mohly vysvétlovat piitomnost

nékterych saproxylickych druhii kovatik (Mertlik 2017).
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Nelesni plochy
Procentudlni zastoupeni nelesnich ploch v perimetru 40 m kolem pasti bylo sledovano
kvali moznému vlivu okrajového efektu mezi lesnim prostiedim a plochami jiného

vyuziti krajiny (Forman, Godron 1981).

4.3 Statistické zpracovani dat

VSechny statistické analyzy byly provedeny v programech EstimateS 8.2, R 3.0.2
a CANOCO 4.5 (ter Braak, Smilauer 2002). Analyzy byly provedeny s cilem porovnat
porosty puvodni a nepiivodni dfevinné skladby a popsat, jak zvolené charakteristiky
V obou typech porostli ovliviiuji kovatikovité brouky na tfech urovnich: celého taxonu,

vybrané skupiny a druhd.
Celed kovarikoviti

Do statistickych analyz za cely taxon vstupovaly tfi bézné uzivané zavislé proménné
k hodnoceni biodiverzity: druhova bohatost, pocetnosti, druhova diverzita (Shannontv
index diverzity) a protoZe maji tyto charakteristiky omezenou interpreta¢ni schopnost,
byly doplnény o jednu funkéni zavislou proménnou: délka téla, a dvé ochranaiské:
vzacnost a status v Cerveném seznamu. Data posledni jmenované proménné byly
transformovany pfirozenym logaritmem pro dosaZeni normality vSech dat. Jako
nezavislé proménné vstupovaly do analyz tii charakteristiky porostu popisujici
disturbance: procentualni zastoupeni dominantni dfeviny, velikost porostu a otevienost
korun. Pro zjisténi zavislosti mezi proménnymi skupiny a porostu byly pouZity linedrni
modely se smiSenymi efekty (Linear mixed-effects models; R package nlme). Pocet
part porostl byl zvolen jako ndhodny faktor. Redundan¢ni analyza (RDA) byla pouZita
pro odhaleni druhového skladby dle typu porostu a preferenci jednotlivych druhd.

Rod Athous

Do analyz vztahu mezi porosty a taxonomickou a zdroven ekologickou skupinou
vstupovala jako zavisla proménna druhova skladba a jako vysvétlujici proménné
vSechny faktory wvnitfniho prostiedi porostt na tfech definovanych plochach

a otevienost korunového patra. Vysoce korelované proménné byly na zaklad¢ VIF > 10
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(Variance Inflation Factor) z analyz vynechany. Za ucelem eliminovat mozny vliv
prostorové autokorelace byly do analyz pfidany geografické soufadnice (X, y, Xy, X2, Y2,
napi. Horak 2013). Pro analyzu spoleéenstev druht rodu Athous byl nejprve proveden
odhad dostate¢ného mnozstvi vzorki pomoci EstimateS 8.2 (MaoTau s 95% intervalem
spolehlivosti a Chao s randomizaci stanovenou na 1000). Redundanéni analyza (RDA)
byla pouzita pro vysvétleni vtahu mezi spolecenstvy a proménnymi vnitiniho prostredi
porostu pro vSechny tfi referen¢ni plochy. Rozd€lovani prostoru (space partitioning)
pomahd odhadnout rozsah prostoru, pro ktery by mély byt provedeny dalsi analyzy,
tj. preference jednotlivych druhii. Zvolen byl prostorovy ramec podle nejvetsi
vysvétlené variability RDA analyzy. Dale bylo analyzovano druhového slozeni
ve vztahu Kk typu porostu pomoci analyzy hlavnich komponent (PCA). Generalizovany
linearni model (GLM) byl pouzit k vypoctu vztahu mezi druhovym spektrem (Gaussovo
rozde¢leni) a jednotlivymi proménnymi prostiedi a stejné tak pro jednotlivé druhy rodu
Athous (Poissonovo rozdéleni). Koneény model byl vybran podle Akaikeho
informacniho kritéria (AIC).

Analyza druhovych preferenci

Do analyz druhovych preferenci vici proménnym vyjadiujicim disturbanci (plocha
porostu, procentudlni zastoupeni dominantni dfeviny a otevienost korunového patra,
nelesni plochy a pocCty patezll) bylo zahrnuto 16 druhti kovatikd, jejichz absolutni pocet
dosahl alesponn 10 jedincii. K hodnoceni byly vybrdna redundancni analyza (RDA;
Detrended correspondence analysis lenght of gradient = 2,697) a generalizované

linearni modely se smiSenymi efekty (GLMM).
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5 VYSLEDKY

Kapitola vysledky ptedkladané disertatni prace je clenéna na tfi podkapitoly
dle jednotlivych publikaci v Casopisech s IF: Peer] (publikovano 2016), Bulletin
of Entomological Research (publikovano 2018), Forest Ecology and Management

(publikovano 2019).
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The influence of mature oak stands and
spruce plantations on soil-dwelling click
beetles in lowland plantation forests

Tereza Loskotova and Jakub Horiak

Department of Forest Protection and Entomology, Czech University of Life Sciences Prague,
Prague, Czech Republic

ABSTRACT

Most European forests have been converted into forest plantations that are managed
for timber production. The main goal of this paper was to determine the difference
between mature native sessile oak (Quercus petraea) stands and non-indigenous
Norway spruce (Picea abies) plantations, with respect to communities of Athous click
beetles in approximately 6,500 ha of lowland plantation forest area in the Czech
Republic. Athous subfuscus was the most abundant and widespread species, followed
by A. zebei and A. haemorrhoidalis, while A. vittatus was considered rare. Spatial
analysis of environmental variables inside studied patches showed that the species
composition of Athous beetles best responded to a 20 m radius surrounding traps. The
spedes’ responses to the environment showed that A. vittatus and A. haemorrhoidalis
preferred oak stands, while A. zebei and A. subfuscus were associated with spruce
plantations. In addition, oak stands showed higher diversity of beetle communities.
The studied species are important for their ecosystem services (e.g. predation on pests
or bioturbation) and seem to tolerate certain degrees of human disturbances, which is
especially benefidal for forest plantations managed for timber production.

Subjects Biodiversity, Ecology, Entomology, Soil science
Keywords Athous, Bioturbation, Sessile oak ( Quercus petraea), Spatial partitioning, Patch level,
Elateridae, Norway spruce (Picea abies)

INTRODUCTION

Forests are biologically diverse ecosystems, representing some of the richest biological
areas on Earth (Lindenmayer et al., 2002; Weselowski, 2005). While many species thrive,
some forest organisms are threatened as a result of deforestation, fragmentation, change
in tree species composition, climate change and other stressors like fire suppression
(Carnus et al., 2006).

Semi-natural forests are rare in Europe ( Wesolowski, 2005). Most forests have been
cleared and converted into agricultural land or into regularly cut forest plantations
(Horak, Chobot ¢ Horakova, 2012). Many of the broadleaved forests of lowland Europe
were replaced by coniferous stands ( Carnus et al., 2006). Large-scale intensive forestry has
led to a shift in the quality of forest habitats, which has influenced the diversity of forest
organisms (Brockerhoff et al., 2008). However, managed forests can still have a high
ecological value (Bauhus, van der Meer ¢~ Kanninen, 2010) particularly compared to
intensively managed agriculture land.

How to clte this article Loskotovd and Hordk (2016), The influence of mature oak stands and spruce plantations on soil-dwelling click
beetles in lowland plantation forests. Peer] 4:e1568; DOI 10.77 17/peerj.] 568
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The distribution of forest organisms in fragmented landscapes is influenced by
structural characteristics of the forest, such as patch quality, configuration or history
(Collinge, 2009 Horak ¢ Rebl, 2013). While quality and the spatial aspects of forest
fragmentation (i.e. isolation) have received much attention recently (e.g. Mason ¢
Zapponi, 2015), the temporal dimension of habitat fragmentation (Brunet, 1993
Horak, Chobot ¢ Horakova, 2012)—e.g. through the long-term dominance of native tree
species (Carnus et al., 2006)-has been less often the focus of attention.

The occurrence of many forest organisms is assumed to be exclusively or largely
restricted to forests with geographic habitat continuity—e.g. the presence of matured and
over-matured native broadleaved tree stands in lowlands (Peterken, 1974; Brunet, 1993),
while some other species have good dispersal abilities and are able to spread together
within forests of suitable tree composition (e.g. Norway spruce associates) when they are
planting or spreading (Roder et al., 2010).

The click beetles, Elateridae, are one of the most ecologically diverse families of beetles
(Leseigneur, 1972 Laibner, 20005 Johnson, 2002). Adults are active in the afternoon and
evening and some can be effectively collected using window traps (Horak & Rebl, 2013).
Click beetles from the genus Athous Eschscholtz are known for their beneficial function of
bioturbation and predation on the larvae of Hymenopteran and Lepidopteran pests
(Laibner, 2000). The adults occasionally feed on buds, leaves and below-ground parts of
crop (Douglas, 2011), although the damage is insignificant in central Europe
(Laibner, 2000). Most observation records of adults are from herbs, shrubs or lower
branches, and the development of larvae takes years (Laibner, 2000; Johnson, 2002).

Recently, five Athous species have been reported from the Czech Republic ( Dusanek &
Mertlik, 2012)—namely, Athous haemorrhoidalis (Fabricius, 1801), A. subfuscus (Miller,
1767), A. vittatus (Fabricius, 1792), A. zebei (Bach, 1854) and A. bicolor (Goeze, 1777).
Athous haemorrhoidalis is widely distributed from lowlands to mountains, preferring open
park landscapes, abandoned agricultural and urban areas, and grasslands (Laibner, 2000).
Athous subfuscus is widely distributed in all types of forests, especially in clear-cuts and
adjacent sites (Laibner, 2000). Athous vittatus and A. bicolor are indicated to prefer close to
natural open canopy broadleaved woodlands with lower altitudes and A. zebei is indicated
to prefer coniferous woodlands at higher altitudes (Laibner, 2000). Athous haemorrhoidalis
and A. vittatus both have larvae that dwell in the sun-warmed soils and feed on dead
invertebrates. Athous subfuscus and A. zebei larvae are predaceous (Laibner, 2000). They
dwell in the soils and litter of shaded woodlands, especially under mosses. The fifth species
distributed in the Czech Republic, A. bicolor, is indicated to be relatively widespread
(Laibner, 2000), although to our knowledge, the trapping success of this species is very
low, with the species only having been trapped in semi-natural woodlands ( Horik & Rebl,
2013). Its ecological requirements are quite similar to those of A. vittatus (Laibner, 2000).

Aims
Qur prediction was that stands with planted non-indigenous trees influence the Athous
click beetles in lowland plantation forest areas due to their known habitat requirements.

Thus, the general goal of this study was to explore the influence of mature native sessile

Loskotova and Horak (2016), PeerdJ, DOI 10.7717/peer|.1568 2/14
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oak ( Quercus petraea) stands and non-indigenous Norway spruce ( Picea abies) plantations
on studied click beetles. More specifically, we explored: (i) the response of the studied
community to the forest environment at the most suitable patch level through spatial
partitioning and (ii) the individual Athous species’ responses to the environment.

MATERIAL AND METHODS

Study group

The genus Athous is poorly studied group of dick beetles (Roberts, 1919 Wolters, 1989).
In spite of this fact, they are mentioned as both potential pests (feeding on buds and
leaves) and as beneficial organisms (predation and bioturbation} ( Laibner, 2000). They,
furthermore, could be the dominant part of the community of soil-dwelling organisms in
forests. Their study could bring us important information on how forest organisms could
be affected by alteration of tree species composition—mainly due to changes in vegetation
structure caused by different litter decomposition effects of conifer vs. broadleaved and
native vs. non-indigenous trees. Regarding their response to the forest environment, the
species composition and individual species population densities of genus Athous were
studied as dependent variables.

Study area

The study woodland area of nearly 6,500 ha was situated in a spatially continuous area of
the east-Bohemian woodlands, between the towns of Chocen and Holice (Pardubice
Region, Czech Republic; Fig. 1). According to Neuhauselova (2001), a potential vegetation
of forests in the area consists of oak-hombeam forests mixed with European beech (Fagus
sylvatica) forests with a scattered distribution of silver fir ( Abies alba) and some oak forests
with Scots pine ( Pintus sylvestris). The historical distribution and abundance of Scots pine
is unclear, although it has been recently found to dominate the area due to its commercial
value (e.g. Cienciala et al, 2006). The former natural distribution of European beech in
the area is uncertain and today, this tree is restricted to the slopes close to the Ticha Orlice
River in the east. The European hombeam (Carpinus betulus) is presently the only
admixed tree species. Of the broadleaved trees, only sessile oak ( Quercus petraea) now
covers relatively large areas. A large number of forest stands have been planted over more
than two centuries using non-indigenous Norway spruce ( Picea abies).

Site selection

Mature stands (i.e. more than 80 years old) dominated by sessile oak or Norway spruce
that had more than | ha in total area were studied over the whole study area. Sessile oak
and Norway spruce dominated stands were chosen as they best reflect the recent
environmental condition of the forest with respect to its tree species composition in the
past. In our study, oak stands represented former continuous vegetation and spruce
plantations indicated spatial and temporal discontinuity. Due to possible significant
influence of spatial autocorrelation and the effect of tourist beetles from non-forest and
highly disturbed areas, their choice was limited to the two another parameters: (i) the
minimal distance between sampling points in oak and spruce dominated stands, which
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Figure 1 Location map of study area (black) near Chocen town in the Czech Republic.

was set to 50 m, (ii) as well as the distance to the woodland edge and/or to clear cut, which
was also set to 50 m. This selection enabled us to sample in the 30 sites—i.e. 15 pairs of oak
and spruce stands.

Trap description

Crossed-panel window traps were used for this study. We installed one trap per site. Each
trap consisted of three transparent plastic panes (one pane 0.4 x 0.5 m and two panes

0.2 x 0.5 m), a protective top cover (diameter 0.45 m), and a funnel leading down into a
container holding a solution of water and salt with a small amount of detergent to reduce
the surface tension of the liquid. This solution preserved the insects but did not attract

them (Horak, 2011). The height of the center of the trap was approximately 1.3 meters.
Traps were fixed using two iron sticks on two opposite sides and they were positioned at
the centers of the stands (Fig. 2). All of the traps were activated at the beginning of March
and deactivated at the end of September, 2011, resulting in eight sampling efforts (25.3.,
25.4., 20.5., 10.6., 5.7., 30.7., 25.8. and 20.9.). Thus, each trap was working for a period of
179 days (i.e., 5,370 days for our trapping design). We assumed that every individual had
an equal probability of being captured.

Environmental variables
The main focus was on environmental variables (as independent variables) at the circular
patch scales surrounding each trap, which potentially best described requirements of the
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Figure 2 A window trap used to capture Athous click beetles (Elateridae) in lowland plantation
forest area.

studied group within the studied plantation forests (Table 1). All of the studied variables,
except for canopy openness (measured in the viewing angle of 180°), were measured as a
percentage of coverage of a circle with a radius of 10 meters (314 m?) and then in those
with twice the radius of the previous samples—i.e. 20 (1,256 m?) and 40 (5,024 m?)
meters (Table 1).

Canopy openness, as an expression of the light conditions of the study site, was
measured using a Nikon COOLPIX 995 camera with a Nikon FC-E8 Fisheye converter.
Each photograph was taken at the top of the trap, approximately 1.55 m above ground. All
photographs were then evaluated using Gap Light Analyzer 2.0.

Total representation (i.e., % of tree species in the patch) of mature sessile oak in the tree
species composition of the overstory was measured as a reflection of the maintenance of
the former vegetation. The representation of mature Norway spruce was measured as a
reflection of the historical anthropogenic disturbance of the stand. The representation of
other deciduous and coniferous trees was also measured. The conditions in the understory
were measured, with focus placed on the total coverage of shrubby vegetation, vascular
plants, bare soil and mosses (Table 1).

Statistical analyses

Due to limited number of traps used (based on criteria mentioned in the Site
selection section), sufficiency of number of traps used for statistical power to detect
an effect (i.e. trapping success) was assessed using EstimateS 8.2. Sample-based
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Table 1 Range of habitat variable variation between sites at the lowland plantation forest area.
Descriptive statistics of percentage values of the studied variables are shown. Canopy openness repre-
sents openness of tree canopy cover above every trap. Oak and spruce represent their percentage of tree
species composition. Plants, mosses and shrubs represent percentage of cover at the understory level.
Except for canopy openness, all other variables were measured at patches of 10, 20 and 40 m radius
sumounding the traps. Other coniferous and deaduous trees and bare soil were excluded because of
multi-collinearity.

Predictor Radius (m) Mean + S.E. (%) Min-Max (%)
Canopy openness 9.44 £ 0.36 6.74-1446
Oak 10 44,60 + 8.22 0-100
Spruce 4217 + 7.9 0-100
Plants 44,60 + 7.23 0-100
Mosses 8.67 +3.22 0-60
Shrubs 410 £ 199 0-45
Oak 20 4323 + 7.56 0-95
Spruce 3887 +7.07 0-100
Plants 47.07 + 6.39 0-100
Mosses 8.10 +2.95 0-60
Shrubs 5.13 + 1.89 0-40

Oak 40 3877 + 6.58 0-95
Spruce 3883 + 5.98 0-90
Plants 4830 + 5.61 10-100
Mosses 9.47 +3.37 0-75
Shrubs 5.73 +1.90 0-40

rarefaction (Mao Tau function with 95% confidence intervals) and the Chao estimation
functions were computed, with the number of randomizations set at 1,000.

Principal components analysis (PCA) of species composition of the study group
of Athous click beetles regarding the site character was computed in CANOCO 4.5
(ter Braak ¢ Smilauer, 2002) for the analysis of discrimination between the samples,
and then was visualized in CanoDraw 4.14 (ter Braak ¢~ Smilauer, 2002).

Redundancy analysis (RDA) of species composition, as a dependent variable, was
computed with 9,999 unrestricted permutations under the full model in CANOCO.
All environmental variables with a variance inflation factor (VIF) higher than ten were first
excluded from the final analyses due to multi-collinearity (Table 1). Control for possible
influence of spatial autocorrelation was included as the co-variable—i.e. coordinates and their
crossed and square products (x, y, xy, ', y'; eg. Hondk, 2013), Spatial partitioning of the
studied patches helped with the selection ofthe best spatial extent (i.e.radii 0f 10,20 or40 m)
of the analyses of response of the species composition of Athous dick beetles to the studied
environmental variables (Hordk et al., 2013). The final choice of patch space for analyses was
based on the highest variance explained by canonical axes, as derived from RDA.

Individual species’ response to the environmental variables at the previously selected
most suitable patch area was computed in the same way, as previously described with
regards to RDA, and was visualized in CanoDraw using species-environmental and
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Table 2 Presence and abundance of Athous species at study sites. Descriptive statistics of the studied
species trapping success, their abundance and species richness in lowland plantation forest area.

Name Sites Individuals Mean + S.E. Min-Max
A. haemorrhoidalis 22 194 7.07 + 1.73 0-42

A. subfuscus 30 942 35.60 + 4.62 2-110

A. vittatus 5 2 0.70 + 0.43 0-12

A. zebei 25 248 8.57 + 1.60 0-29
Individuals/site 51.93 +4.90 6126
Species/site 2.70 + 0.11 2-4

Shannon diversity-based data attribute-environmental biplots. The variance explained by
the studied environmental variables and its significance was computed in CANOCO with
9,999 unrestricted permutations under the full model.

Generalized linear models (GLM) were computed in CanoDraw, with model
selection based on Akaike information criterion (AIC) statistics and with Gaussian
distribution for response of total species composition to individual environmental
variables, while Poisson distribution was used for individual species data in the
same way.

RESULTS

Four of the five Athous species reported from the Czech Republic ( Dusanek ¢~

Mertlik, 2012) were trapped. Athous subfuscus was the most abundant and widespread
species, followed by A. zebei and A. haemorrhoidalis, while A. vittatus was collected rarely,
at only five sites (Table 2).

The use of thirty traps in our study was enough, and the use of twenty traps was found
to be sufficient in similar studies—namely, observed species richness reached the asymptote
at 19 traps (£1 C.I. 95%). Chao 1 and Chao 2 estimators indicated sufficiency at 17 traps.

There was a difference between the beetle communities of oak- and spruce-dominated
stands. It explained nearly 82% of variance of the data in PCA, with only three sites
overlapping on the first axis (Fig. 3).

The response of species composition to the environmental variables was the best at a
20 meters radius (1,256 m® area) of the surrounding forest patch (Fig. 4). All axes for
the 20 m radius together explained nearly 65% of the data variance. The worst response
was at the longest radius of 40 meters, which did not exceed 60% of the explained
variance. This also indicated that a selected distance of 50 meters (see the Material and
Methods section) for possible overlapping among traps was sufficient.

Species responses to the environmental variables at a 20-meter radius (Fig. 5A) showed
that there were two spedies groups that were clearly discriminated on the first axis of RDA.
Athous vittatus and A. haemorrhoidalis were on the left side of the diagram, preferring oak
stands, while A. zebei and A. subfuscuswere distributed on the right side of the biplot, with
association to the spruce plantations. Samples in oak-dominated stands showed
higher diversity (Fig. 5B). This is also illustrated by the negative ¢ value of the first axis
(t = —0.41), derived from significant GLM (F = 7.06; P < 0.01).
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Figure 3 Sample based scatter-plot of species composition of soil-dwelling click beetles. Results as
derived from principal components analysis (PCA) illustrating the discrimination between the samples
in stands dominated by sessile oak (grey dots) and Norway spruce plantations (black dots) in the
lowland plantation forest area.
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Figure 4 Results of spatial partitioning using variance explained by all canonical axes as derived
from redundancy analyses (RDA). Spedes composition of Athous click beetles was dependent
variable, and environmental independent variables were analyzed in a particular radius of surrounding
patch in the lowland plantation forest area. Spatial terms (x, y, xy, x* and y*) were included as
co-predictors (### is for P < 0.001).

In relation to the studied beetle species composition, the percentage of spruce and oak
in tree species composition at a radius of 20 meters surrounding the traps was significant
and revealed the highest shared variance. From the variables at the understory level,
coverage of mosses, together with shrubs, influenced the composition of studied beetles
much more than did the coverage of plants, which showed an effect that was the lowest
regarding the shared explained variance (Table 3). The shared variance explained by
canopy openness with respect to the species composition of Athous click beetles was
significant and was close to 25% (Table 3).

Individual species’ responses (Table 4) showed that A. haemorrhoidalis and A. vittatus
were positively related to the higher percentage of oak in the tree species composition and
were negatively related to spruce, while the response of A. subfuscus and A. zebei was the
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Figure 5 (A) Species-environmental biplot at 20 meters radius as derived from redundancy analyses (RDA) on spedes composition of soil-dwelling
dick beetles showing the response of species to environmental variables of the forest patch in the lowland plantation forest area. (B) Shannon
diversity based data attribute-environmental biplot showing the diversity of samples. Note that in (A), the response of the spedes corresponded to
the right angle projection of the end of the species arrow to the arrow of the particular studied predictor. The variance explained by each
environmental variable and its P values is in Table 3. The size of the bubbles in (B) corresponds to the diversity of particular sample.

Table 3 Results of the studied species composition response to the forest patch predictors at a
20-meter radius in the redundancy analysis (RDA), explained in the lowland plantation forest
area, sorted by percentage of explained variance. Note that significant P values are in bold. Canopy
openness represents openness of tree canopy cover above every trap. Oak and spruce represent their
percentage of tree species composition. Plants, mosses and shrubs represent percentage of cover at the

understory level.

Predictor Shared variance explained (%) F P
Spruce 50,0 29.04 <0.001
Oak 49.0 27.82 <0.001
Mosses 27.4 10.13 <0.001
Shrubs 249 8.84 <0.01
Canopy openness 241 8.45 <0.05
Plants 128 3.84 <0.05

opposite. Both A. subfuscus and A. vittatus showed the peak in preference for the tree
species composition, with approximately 70% of spruce and oak, respectively. With
respect to canopy openness, A. subfuscus preferred sun-exposed sites, while A. vittatus
showed an increase in abundance with the shading of habitats. Athous subfuscus responded
significantly to the coverage of mosses with the peak occurrence of around 40%, while also
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Table 4 Individual Athous species responses to the studied environmental predictors at a 20-meter
radius in the lowland plantation forest area using GLM with Poisson distribution and selection
based on AIC. Note that significant P values are in bold. Canopy openness represents openness of
the tree canopy cover above every trap. Oak and spruce represent their percentage of tree species
composition. Plants, mosses and shrubs represent percentage of cover at the understory level.

Species Predictor GLM Linear response  F P AIC
A. haemorrhoidalis ~ Oak linear + 30,37 <0.001  175.0
Spruce linear - 2182 <0.001 2010
Canopy openness  quadratic - 2 0.13 330.7
Mosses linear = 3.85 0.06 3146
Plants null no - = =
Shrubs linear = 4.13 0.05 nz
A. subfuscus Oak quadratic - 2159 <0.001 2674
Spruce quadratic  + 19.51 <0.001 2789
Canopy openness  linear + 7.17 <0.05 4874
Mosses quadratic  + 7.12 <0.01 4339
Plants linear = 4.85 <0.05 522.1
Shrubs linear + 4.55 <0.05 526.8
A. vittatus Oak quadratic + 14.08 <0.001 54.6
Spruce linear - 10,24 <0.01 74.0
Canopy openness  linear = 7.62 <0.05 80.1
Mosses linear = 3.08 0.09 98.0
Plants linear + 8.29 <0.01 78.3
Shrubs quadratic + 1L.66 021 105.4
A. zebei Oak linear = 17.79 <0.001 1794
Spruce linear + 2438 <0.001 155.9
Canopy openness  null no - - -
Mosses linear + 3.07 0.09 268.6
Plants linear = 15.65 <0.001 198.4
Shrubs null no = = -

responding to the increasing coverage of shrubs. Athous subfuscus and A. zebei were
negatively affected by the increasing coverage of the herb layer and the response of
A. vittatus was slightly positive.

DISCUSSION

Our results can be summarized that the studied click beetles best responded to the
environment at the middle selected patch area—i.e. with a 20 meters radius, and that
dominant tree species in the patch were the most important with regards to the
discrimination of studied beetle communities.

Studied dick beetles best responded to the environment at the middle selected distance
of a 20-meter radius surrounding the sampling site. This indicates the scales at which
beetles with similar requirements are searching for suitable habitats. Even though the
adults of most Athous species are known to be good dispersers compared to other beetles
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(Laibner, 2000; Johnson, 2002), the studies on beetle dispersal abilities have indicated
that most beetle flight events are over shorter distances than previously predicted
(Drag et al, 2011), even in pest species (Mercader et al, 2009)-i.e., on average, to one
hundred meters. Nevertheless, populations of several insect taxa are known to release
macropterous or highly dispersive individuals during times of high population densities
(Kocarek et al,, 2013). Thus, this surprisingly (and most probably) illustrates a relatively
sedentary response to the environment in Athous beetles regarding the response to the
patch of 20 m radius.

The study species were relatively clearly discriminated with respect to their relationships
with the dominant tree species. Two necrophagous spedes (Athous haemorrhoidalis and A.
vittatus) preferred oak stands and avoided spruce plantations, while two predators
(A. subfuscus and A. zebei) showed the opposite response. The presence of two predaceous
species in Norway spruce plantations is thus important and beneficial from the
management point of view because of the higher vulnerability to environmental
disturbances and potentially higher pest densities in soil of plantation forests of non-
indigenous trees. The results also indicate that Norway spruce, as an autochthonous tree
for the mountainous areas of the Central Europe, is also able to promote its habitat
associates in areas of lower altitudes, which has been recently indicated (Roder et al., 2010).

The results showed that most of the studied species are able to reach high levels of
abundance in mature stands within the plantation forests. Only A. vittatus was rather rare
and was most abundant in relatively artifidally undisturbed and mostly over-matured
oak-dominated stands (based on our observation). This spedes preferred stands where
oak accounted for between 60-80% of the tree species composition and with higher
coverage of the herb layer in the understory. Athous vittatus is also known to be associated
with sun-exposed woodlands (Laibner, 2000), although the results showed a relatively
surprising association with closed canopy stands.

A relatively high abundance of A. zebei may be considered surprising because this
species is indicated as being to be associated with mountainous and partly
sub-mountainous woodland areas of central Europe (Laibner, 2000). Its non-response to
canopy openness is also surprising because A. zebei is known for its preference for shaded
coniferous woodlands. On the other hand, it showed a negative relationship with plant
cover at the understory, which could be the result of more opened canopy cover.

Athous subfuscus seemed to prefer sun-exposed sites in spruce dominated stands with
mosses and shrubs at the understory level. Its high level of abundance and preference for
spruce dominated stands correspond with recent data (Laibner, 2000; Kula, 2010).

Athous haemorrhoidalis was not assodated with any patch parameter other than the
main tree species in species composition. This may be considered surprising, however,
since it can also be frequently found in agricultural landscapes (Laibner, 2000).

CONCLUSIONS

To the best of our knowledge, this is the first statistical evidence of the soil click beetle
requirements within plantation forests, which provides some new or contrasting results
with respect to the published evidence of distribution of these soil-dwelling taxa.
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Some species from the genus Athous may reach relatively high levels of abundance in
mature commercial stands and also those with a high proportion of non-indigenous
Norway spruce plantations. Even though they are good dispersers, their response to the
environment was over a relatively short patch radius and rapidly decreased with increasing
study patch area.

Most of the studied species are rather beneficial organisms. Some of their larvae are
predaceous on pests, which may contribute to the higher stability of Norway spruce
plantations. Necrophagous larvae may contribute to the process of bioturbation, which is
beneficial for nutrition availability or seed regeneration of the mature stands studied
(e.g. Scheu, 1987). Thus, their levels of high abundance, and probable higher resistance to
anthropogenic forest alterations, seem to be beneficial for commercially harvested
woodland landscapes.
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Abstract

Plantation forests with timber production as the major function are highly frag-
mented and disturbed regarding the tree species composition and stand area. Their
closed canopies also have different microclimatic conditions compared with better
studied conservation areas. We studied three beetle families (click, longhorn, and
rove beetles) with different ecological demands in lowland plantation forests domi-
nated by Sessile oak and Norway spruce in the Czech Republic. Qur main interest
was how their species richness, abundance, diversity, body length, rarity, red-list sta-
tus, species composition and individual species were driven by the main tree spedies,
stand area and canopy openness. We analyzed 3466 individuals from 198 beetle spe-
cies and the results revealed complex and contrasting responses of the studied beetle
families — click beetles mostly preferred sun-exposure and spruce as the dominant
tree species, longhorn beetles mainly preferred large stands, whereas rove beetles
were mostly influenced by oak as the dominant tree species and increasing area.
We also observed that some species had different preferences in plantation forests
than is known from the literature. The main conclusions of our results are that the
dominance of non-natural spruce plantations and a large stand area (both originating
from artificially replanted large clear-cuts) did not affect the majority of the studied
taxa as we expected. On the other hand, our results might have been influenced by
other factor, such as the current small total area of the former vegetation, which in the
past might have led to extinction debt; or a large area of other conifers in the sur-
roundings that might have promoted conifer-associated fauna.
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Introduction

European forest plantations, which are intended for timber
production, are often composed of tree species that are non-
native to a particular site (Bauhus et al., 2010). In Europe, the
tree composition generally consists of natural beech and oak
stands and large areas are given over to commercial coniferous
monocultures, whereas more than three-quarters of the central
European forests are managed (Hannah et al,, 1995). The usual
method of recent forest management is still clear-cutting, when
the biomass of a mature forest is completely removed from the
stand, followed by replanting of the same stand (Magura et al.,
2003). Nevertheless, forest management is mostly restricted by
law - e.g. in the Czech Republic, the maximum permitted area
that can be clear-cut is 1 ha and the minimum age is 80 years.

Some of the most sensitive taxa to modifications by the
management of plantation forests (e.g., changes in canopy
openness, tree species alterations, or clear-cutting) are arthro-
pods, of which insects are among the most studied taxonom-
ical groups (Horak, 2013). Beetles belong to one of the four
most abundant and species-rich taxa of insects and are an im-
portant part of the forest ecosystem food chain. The intensive
management of plantation forests can affect the composition
of species for some beetle families.

Some authors have discussed the response of particular bee-
tle families in forest ecology and management (Niemeli ef al.,
1993; Sebek et al., 2012; Hordk & Rébl, 2013) and others have
also dealt with the foraging and functional ecology of particular
families (e.g., ground, rove, or bark beetles) and have demon-
strated that particular spedes of beetle families exist in several
different habitats (Lovei & Sunderland, 1996; Bussler etal, 2011;
Prikryl et al., 2012). Some studies have investigated different as-
pects of ecology (e.g., habitats) of particular families or species
and have concluded that variations in habitat loss and hetero-
geneity play a huge role in their sensitivity in terms of distribu-
tion and life cycles (Niemeli et al., 1993; Driscoll & Weir, 2005).
Furthermore, changes in habitat complexity can shift species
richness at certain local sites (Tews et al., 2004). Nevertheless,
several management activities that influence beetle diversity
are well known - e.g., habitat diversification and an increase
in the habitat area, together with improvements in habitat
connectivity via the creation of stepping stones and corridors
(Kuuluvainen et al., 2002; Horak, 2014).

Functional or conservation traits are still not often used for
evaluation of the effect of forest management. Experiments on
ecological traits have been performed regarding the inverte-
brates (e.g., Nota et al., 2013 for springtails, Kunieda et al.,
2006 for Hymenopterans and Dipterans). Dupont & Nielsen
(2006) suggest that body length is a proxy for body size,
which is an important functional trait. Saproxylic beetles are
an example of complexity in the food chain and are commonly
affected by habitat fragmentation (Horak, 2014), and therefore,
are at a high risk of extinction. Conservation traits could be
evaluated using more approaches. Red lists serve as a useful
mechanism to establish a system for the potential extinction
probability of species in different geographical locations
(Rodrigues et al., 2006). Seibold et al. (2015) tested the red-list
status for a phylogenetic signal and for some beetle families
(e.g., Elateridae, Tenebrionidae, Melandryidae, and Buprestidae)
and almost half of all species were considered to be threatened,
whereas, eg., Nitidulidae, Pselaphidae, and Staphylinidae
contained a very low number of threatened species.

The stand and patch structure of plantation forests might be
changed from year to year and furthermore, in more extensive

and different ways than changes that are caused by natural dis-
turbances (Horak, 2015). We were interested to understand how
selected beetle families are driven by stand-level disturbance
using two characteristics that reflect forest fragmentation —
dominant tree species (i.e., oak vs. spruce) and stand area,
and also by one patch-level characteristic that reflects microcli-
mate - canopy light conditions. In this study, we focused on the
response of three beetle families: click beetles (Elateridae), as re-
presentatives of a highly diversified group in terms of habitat
requirements; longhorn beetles (Cerambycidae), as representa-
tives of a group associated with dead wood; and rove beetles
(Staphylinidae), as a highly species-rich and abundant group
with a low number of specialists.

Methods
Study area

The study area consisted of more than 6000 ha of forest and
was situated in the southern half of a spatially continuous area
of the eastern Bohemian woodlands (Pardubice Region, Czech
Republic). The area was in the past mainly covered by decidu-
ous forests dominated by Sessile oak (Quercus petraca)
(Neuhauselova & Moravec, 2001). For more than two centur-
ies, most of the area has been planted by conifers (Scots pine,
Pinus sylvestris) and Norway spruce (Picea abies), of which the
latter is non-native in the studied area.

Study families and trapping method

We used non-attractive crossed-panel window traps. The
height of the center of the trap was 1.3 m. Traps were fixed
using two iron sticks and were located in the center of the
stand (Loskotova & Hordk, 2016). All of the traps were acti-
vated at the beginning of March and were deactivated at the
end of September 2011. Traps were regularly emptied and
cleaned in 2-3 week intervals.

We studied the response of three selected families; firstly,
we selected a family of click beetles (Elateridae), which is inter-
mediate in terms of species richness (Bouchard et al., 2009) and
its species are highly diversified with respect to their foraging
behavior (predators, herbivores, saprophages, etc.), habitat re-
quirements (soil-dwelling, hollow trees, phytophages, etc),
and a majority of species are associated with woodlands
(Laibner, 2000). The second family consisted of longhorn bee-
tles (Cerambycidae), which is a f1m11v with a medium to high
c;pemet; richness (Bouchard etal., 2009) and the majority of spe-
cies in temperate zones are associated with bast and wood of
woody plants (Sldma, 1998). The third family consisted of rove
beetles (Staphylinidae), which is a highly species-rich family
(Bouchard et al., 2009) and the majority of its species are gen-
eralist predators or feeders of decaying material (Bohat &
Matéjféek, 2003).

Study environment

We studied the influence of three important forest charac-
teristics on mature stands (i.e., older than 80 years) in planta-
tion forests.

The first variable was a stand-based characteristic that re-
flects anthropogenic disturbance and fragmentation — namely,
the effect of dominant (i.e., main) tree species. This focused on
the origin of the tree species, which is a potentially important
factor for beetles (e.g., Bertheau etal., 2009). Norway spruce (P.
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and thick lines show the median values.

abies), as the non-native tree to our study area (especially its in-
tensive plantations), covered approximately the same area as
native sessile oak (Q. petraca), which was one reason to choose
spruce (instead of the widespread Scots pine) to compare the
effect of dominant tree species. An additional reason was that
Scots pine was potentially distributed in the study area in the

past — even if only as a relict species (Neuhauselova &
Moravec, 2001) and thus, it is native to the area. The final rea-
son was that relatively few pine stands were mature in age and
most were spatially clumped.

The second variable was again stand-based. Namely, the
total area of the stand in hectares (mean =2.06 +SE=0.15;
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Fig. 2. Results of the comparison of species richness, abundance, Shannon diversity, body length, rarity, and red-list status of longhorn
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Table 1. Results of linear mixed-effect models on the species rich-
ness, abundance, Shannon diversity, body length, rarity, and red-
list status of click beetles (Elateridae) inlowland plantation forests;
significant variables appear in bold.

Table 2. Results of linear mixed-effect models on the species
richness, abundance, Shannon diversity, body length, rarity, and
red-list status of longhorn beetles (Cerambycidae) in lowland
plantation forests; significant variables appear in bold.

Name Variable AIC 3 P Name Variable AIC 3 P
Species richness  Tree (spruce) 133.77 <001 ns. Species richness  Tree (spruce) 14551 0.89 ns.
Canopy openness 231 0.0395 Canopy openness 1.37 ns.
Area 096 ns. Area 0.69 ns.
Abundance Tree (spruce) 271.69 284 0.0149 Abundance Tree (spruce) 3568 069 ns.
Canopy openness 236 0.0359 Canopy openness .71 ns.
Area ~158 ns. Area 222 00462
Diversity Tree (spruce) 18.06 —3.89 0.0021 Diversity Tree (spruce) 7609 076 ns.
Canopy openness 1.08 ns. Canopy openness 0.67 ns.
Area 148 ns. Area 031 ns.
Body Tree (spruce) 390.95 297  0.0116 Body Tree (spruce) 11553 214 ns.
Canopy openness 203 ns Canopy openness 046 ns.
Area ~1.50 ns. Area 234 00373
Rarity Tree (spruce) 580.22 2.67  0.0203 Rarity Tree (spruce) 25527 059 ns.
Canopy openness 245  0.0308 Canopy openness 1.69 ns.
Area ~1.67 ns. Area 227 00421
Red list Tree (spruce) 276.24 3.58  0.0038 Red list Tree (spruce) 3558 071 ns.
Canopy openness 192 ns. Canopy openness .70 ns.
Area ~1.75 ns. Area 235 00369

min = 1.00; max = 3.81 ha). This variable was measured based
on actual forest management plans and was confirmed by our
observations in the field and by actual aerial photographs. The
relationship of area to disparate biological variables is often
studied (Hordk, 2016), but its use in forest insect ecology is,
to the best of our knowledge, relatively limited (Webb ef al.,
2008).

The final variable was patch-based and reflected the dis-
turbance of canopy and microclimate. Namely, the canopy
light conditions of the environment, which is very important
for insects (Vodka et al., 2009). Canopy openness was mea-
sured as a percentage (9.44 £0.36; 6.74-14.46%) during the
same weather conditions in the peak of vegetation season
(i.e., under the full canopy). We used a Nikon COOLPIX 995
with a Nikon FC-E8 Fish Eye converter. Each photograph of
180° was taken at the top of the trap, 1.55 m above the ground.
All photographs were then evaluated using Gap Light
Analyzer 2.0.

In these conditions, we found and studied 15 pairs of
spruce and oak tree-dominated stands.

Statistical analyses

We used three dependent variables that are traditionally
analyzed regarding biodiversity: species richness (the number
of species trapped), abundance (the number of individuals
trapped), and diversity (the Shannon diversity index). We
also used one dependent variable that is used in functional
ecology: body length (the mean of maximum and minimum
value published in the entomological literature), and two de-
pendent variables that reflected conservation traits, i.e., rarity
(the total number of unoccupied grids in the Czech Republic
based on Slama, 1998; Duddnek & Mertlik, 2015 and the per-
sonal database of ]. Boha¢) and the red-list status (the species
rank values based on the red-list index using IUCN criteria
LC=1, NT=2, VU=3; EN =4 from Farka¢ et al., 2005).
Some dependent variables were transformed to reach normal-
ity (abundanceof longhorn and rove beetles, click beetles’ red-
list value and rove beetles’ rarity were log-transformed; rarity

ww.cambridge.or.
s. htty

/coreitel 07485317001304

and body length of longhorn beetles, species richness of rove
beetles, and their body length were square-root transformed).

To compute the relationship between the dependent vari-
ables and the variables that reflected the study environment,
we used linear mixed-effect models in R (package nlme).
Three independent variables we treated as fixed factors.
Numbers of pairs of stands (spruce vs. oak, from 1 to 15)
were used as a random factor. The species composition and
the responses of individual species were analyzed in
CANOCO. We used redundancy analyses (RDA) for click beetles
(Detrended correspondence analvcns length of gradient = 2697)
and canonical correspondence amly%_q for longhorn (8.460)
and rove beetles (4.475). We used 9999 randomizations with
pairs of stands as a split-plot design.

Results

In total, 2388 individuals from 31 species of click beetles,
194 individuals of longhorn beetles from 36 species, and 884
individuals from 131 species of rove beetles were trapped dur-
ing the research in the lowland plantation forests.

The results showed that there was no significant difference
in species richness between oak-and spruce-dominated stands
(figs 1, 2 and 3), although the number of click beetle species
significantly benefited from increasing canopy openness
(table 1). The number of individuals of click and rove beetles
(figs 1 and 3) was significantly positively influenced by spruce
and oak, respectively. The abundance of click beetles, further-
more, was positively influenced by canopy openness (table 1),
where longhorn beetles were positively influenced only by the
increasing area of the stand (table 2). The diversity of click bee-
tles was significantly higher in oak than in spruce stands (fig.
1) and the diversity of rove beetles was significantly positively
influenced by theincreasing stand area (table 3). Spruce stands
hosted click beetles with a higher body length than cak stands
(fig. 1). The body length of longhomn and rove beetles was
positively qlgmﬁca ntly influenced by an increasing stand
area (tables 2 and 3). Rare click beetles were significantly
more abundant in spruce than in oak stands (fig. 1) and
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Table 3. Results of linear mixed-effect models on the species rich-
ness, abundance, Sharmon diversity, body length, and rarity of
rove beetles (Staphylinidae) in lowland plantation forests; signifi-
cant variables appear in bold.

Name Variable AlC 3 r
Species richness ~ Tree (spruce) 145.51 0.89 ns.
Canopy openness 1.37 ns.
Area 0.69 ns.
Abundance Tree (spruce) 18.85 —3.21 0.0075
Canopy openness 1.37 ns
Area ~0.13 ns.
Diversity Tree (spruce) 4604 090 ns
Canopy openness 0.15 ns.
Area 233 0.0380
Body Tree (spruce) 115.53 214 ns
Canopy openness 046 ns
Area 234 0.0373
Rarity Tree (spruce) 2309 =252 0.0271
Canopy openness 1.36 ns.
Area 0.77 ns.

were also positively influenced by increasing canopy open-
ness (table 1). Rare rove beetles were more frequent in oak
than in spruce stands (fig. 3) and the rarity of longhorn beetles
significantly increased with an increase in area (table 2).
Spruce stands hosted significantly more red-listed click beetles
than oak stands (fig. 1), whereas the red-list index of longhorn
beetles was positively influenced by increasing area (table 2).
We did not trap red-listed rove beetles.

The analyses of the species composition of click beetles
showed that there was significant discrimination between spe-
cies preferences for oak- and spruce-dominated stands (fig. 4),
similar to for longhorn beetles (fig. 5). Analyses of the species
composition of rove beetles showed that there was no signifi-
cant discrimination between species preferences for oak- and
spruce-dominated stands (R*=3.17%; F=092; P=ns.).
Species composition analyses of click beetles also showed
that the species that were associated with spruce stands
were more influenced by canopy openness and area than
those associated with oak-dominated stands, which is demon-
strated by a higher clustering of spruce associates to the second
axis in RDA visualization (fig. 4). Species of longhorn beetles
showed a higher preference for spruce or oak stands, which is
illustrated by more color-pure pies (fig. 5).

Two species (Agriotes acuminatus and Athous haemorrhoida-
lis) and four species (Athous subfuscus, A. zebei, Ectinus aterri-
mus, and Sericus brunneus) of click beetles were significantly
associated with oak- and spruce-dominated stands, respect-
ively (table 4). Two longhorn beetles (Prionus coriarius and
Pyrrhidium sanguineum) preferred oak stands, whereas one
(Stenocorus meridianus) preferred spruce stands (table 5).
Three rove beetles (Gabrius breviventer, Lioglita granigera, and
Oxytelus rugosus) preferred oak stands (table 6). Twoclick bee-
tles (A. acuminatus and Athous vittatus) were negatively af-
fected by, and four species (Ampedus balteatus, Ampedus
nigrinus, A. subfuscus, and S. brunneus) thrived on canopy
openness (table 4). Five longhorn beetles significantly re-
sponded to canopy openness (table 5). Four longhorn species
preferred open stands (Molorchus minor, Paracorymbia maculi-
cornis, Rhagium mordax, and Stenurella melanura), whereas
Oplosia cinerea was more abundant in shaded stands. Three
rove beetles (Atheta fungi, L. granigera, and O. rugosus) pre-
ferred conditions of low canopy openness (table 6). Three

species of click beetles responded to the area of the stand
(table 4) — A. vittatus and Melanotus castanipes preferred an in-
creasing area of mature stands, whereas Dalopius marginatus
showed the opposite relationship. Only one longhorn beetle
responded to the area of the stand (table 5) - S. melanura was
more abundant in large stands. Four rove beetles (Amarochara
umbrosa, Atheta celata, Atheta elongatula, and Omalium rivulare)
were negatively affected by an increasing stand area (table 6).

Discussion

QOur results revealed several different and contrasting re-
sponses among three studied beetle families: click beetles re-
sponded mainly to the dominant tree species and insolation
of stands, whereas longhorn beetles were influenced by the
stand extent and rove beetles were most influenced bv the
dominant tree species and stand area.

We also observed that the responses of individual species
within the studied beetle families in plantation forest stands
dominated by cak and spruce were in many cases complex
and highly diverse and that some species indicated contrasting
patterns compared to the literature (e.g., the preference of S.
meridianus for conifer-dominated stands).

The response of click beetles as a highly diverse family

Click beetles revealed relatively interesting and partly con-
trasting responses regarding the dominant tree species. Even
when their species richness did not show a significant re-
sponse, the number of individuals, their length, rarity value,
and red-list status was higher in spruce plantations than in
oak stands. This appears to be a surprising result that might
be explained by the positive influence of increasing openness
in canopies (Vodkaet al., 2009; Horak & Rébl, 2013) in the case
of abundance, but not for the other studied variables. From
this point of view, it appears that click beetles represent a
group that is more adaptable than is mentioned in the litera-
ture (Laibner, 2000). On the other hand, one of the factors
that potentially influenced our results might be the long-term
presence of Scots pine in our study area — even if this fact is
questionable (Neuhauselova & Moravec, 2001). The higher
adaptability of click beetles to conifer vs broadleaved tree
stands rather than to particular tree species might also be rele-
vant. Further explanations might residein the species compos-
ition, i.e., species that were associated with oak stands were
more significantly bound to it than species that preferentially
occurred in spruce plantations. Another potential explanation
might be that the current presence and extent of mature oak
stands is below the threshold area and fragmentation caused
by isolation that is acceptable for the successful development
of populations of ocak-associated click beetles (Alexander,
2002). This appears to be well reflected in the fact that only
tworelatively common species (Loskotova & Hordk, 2016) sig-
nificantly preferred oak stands, whereas four species were as-
sociated with spruce plantations. The opposite relationship
was observed for diversity and, thus, we concluded that tree
species that is not native in the studied area can negatively in-
fluence the diversity of the family; however, why the other
traits responded differently remains unclear (Loehle, 2003).

The response of Limonius poneli that preferred closed oak
stands is different to the literature — this species prefers steppes
and forest steppes where adults occur on vegetation (Mertlik,
2008). This contrasts with species such as M. castanipes, which
prefer spruce-dominated stands (Laibner, 2000). This
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Fig. 4. Visualization of individual dick beetle (Elateridae) spedes preferences for stands dominated by Sessile oak (Quercus pefraea) and
Norway spruce (Picea abies) in lowland plantation forests using redundancy analysis. The explained variance, F and P values are derived
from redundancy analysis; species with fewer than ten individuals were suppressed in the left species-environmental biplot; light-brown
represents individuals on oak trees and green represents individuals captured in spruce-dominated stands in the right pie plot.
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and Norway spruce (Picea abies) in lowland plantation forests by canonical correspondence analysis. The explained variance, F and P values
are derived from canonical correspondence analysis; species with fewer than five individuals were suppressed in the left
species-environmental biplot; lightbrown represents individuals on oak trees and green represents individuals captured in

spruce-dominated stands in the right pie plot

preference was also observed for S. brunneus, which mostly
prefers pine stands (Laibner, 2000). Thus, this relationship
might indicate that species that are associated with disparate
conifer stands might use stands containing different conifer
tree species as a supplementary habitat. The species E. aterri-
mus might represent an example of contrasting preferences to
those known in the literature. This click beetle prefers broad-
leaved forests (Laibner, 2000), but in this study, was signifi-
cantly associated with spruce stands. As mentioned above,
most of the studied click beetle traits were favored by the inso-
lation of stands. However, we observed some species that
were associated with a closed canopy (e.g., A. acuminatus).
Anopen canopy was preferred by two Ampedus species (A. bal-
teatus and A. nigrinus) that are known to be associated with
conifer stands, whereas A. nigrinus is also associated with
mountainous areas (Laibner, 2000). The stand area was not
one of the most important variables in determining the distri-
bution of click beetles, although some species showed a sig-
nificant relationship with stand area - e.g., D. marginatus
showed a negative relationship and M. castanipes a positive re-
lationship to increasing area of stand. A positive response is
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unsurprising, but the negative response of D. marginatus ap-
pears to be difficult to interpret, because this species is a typ-
ical forest-dwelling species.

Longhorn beetles as representatives of a saproxylic family

Except for the species composition and the individual spe-
cies, the group of longhorn beetles did not change according to
the dominant tree species. This is on one hand surprising, be-
cause many species are specialized either on the wood of coni-
fer or deciduous trees and Japanese research has shown that
longhorn beetles were negatively affected by the conversion
of deciduous forest stands to conifer plantations (Makino
et al., 2007). On the other hand, our results might have been
influenced by the fact that the stands were not absolutely
pure in terms of tree species and this might also be influenced
by the surrounding stands. The species composition and par-
ticularly, the abundance of three species were influenced by
the dominant tree in the tree species composition. The ex-
plained variance in the tree species composition was relatively
low, but the majority of species were present only in one type
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Table 4. Individual click beetle (Elateridae) species preferences for stands dominated by Sessile oak (Quercus pefraea) and Norway spruce
(Picea abies), canopy openness and area in lowland plantation forests; t and P values (*P < 0.05; **P <0.01; **P <0.001) are derived from
species response curves; species with fewer than ten individuals were not analyzed.

Species Individuals Qak Spruce Canopy openness Area
Adrastus rachifer 1

Agriotes acuminatus 44 0.18* ~0.07*

Agriotes obscurus 1

Agriotes pilosellus 1

Agrypnus murinus 9

Ampedus balteatus 167 10.67*

Ampedus erythrogonus 1

Ampedus nigrinus 17 5.15%

Ampedus pomorum 49

Ampedus sanguineus 5

Ampedus sanguinolentus 6

Anostirus castaneus 2

Anostirus purpureus 2

Athous haemorrhoidalis 212 0.86%

Athous subfuscus 1068 2.32% 10.89*

Athous vittatus 21 —4.19* 4.25%
Athous zebei 257 0.89*

Cardiophorus nigerrimus ]

Cardiophorus ruficollis 4

Dalopius marginatus 134 —0.05*
Denticollis linearis 6

Dicronychus cinereus 15

Ectinus aterrimus 137 0.41*

Limonius poneli 40

Melanotus castanipes 19 3.10%
Melanotus villosus 101

Nothodes parvulus 16

Paraphotistus nigricornis 1

Pheletes aeneoniger ]

Selatosomus aeneus 1

Sericus brunneus 39 0.13* 5.82%

of stand. With respect to the individual species, the preference
of P. coriarius and P. sanguineum for oak trees is not surprising,
whereas the preference of 5. meridianus for spruce plantations
is difficult to explain. This species is known to be associated
with broadleaved trees in lowland forests (Slama, 1998).
Furthermore, this species was present in nine stands and
thus, this result cannot be influenced by a clumped distribu-
tion in one or a few spruce stands, due to the circumstantial
presence of a piece of oak dead wood.

Longhorn beetles appear to be more connected to the forest
environment, because of their dependence on dead wood bio-
mass for larval development (Sldma, 1998). However, recent
research has shown that adults are more abundant in forest
edges and open forests or larvae can even develop on solitary
trees (Wermelinger et al., 2007; Vodka et al., 2009). Thus, their
dependency on dead wood does not necessarily mean that this
taxon is associated with forests and it is relatively surprising
that longhorn beetles did not respond to canopy openness.
Nevertheless, four out of five species that significantly re-
sponded to canopy openness were more associated with anin-
creasing canopy openness. Only O. cinerea was associated with
very shaded stands (for thresholds, see, e.g., Miiller ¢t al.,
2010), which contrasts with the known preference for avenues
and solitary trees from the literature (Slima, 1998). This sug-
gests that plantation forests are still an understudied habitat
type and mightlead to different results than traditionally stud-
ied forest habitats such as old-growth forests or ancient wood-
lands (Vodka et al., 2009; Hordk & Rébl, 2013).

ww.cambridge.or.
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Stenurella melanura also showed a high preference for large
open stands. This species is widespread throughout most of
central Europe, which might be consistent with the occurrence
of this species on blossoms (Slama, 1998). Nevertheless, its dis-
tribution might be different in southern Europe, where 5. mel-
antira was found to be more abundant in oak forests, which
generally have closed canopy (Peris-Felipo ef al., 2011). This
difference is probably because insects can find a suitable am-
bient temperature in warmer climates, even under the closer
canopy.

The effect of isolation caused by fragmentation in forests is
understudied in comparison to non-forest habitats (Krauss
etal., 2004: Webb et al., 2008; Hordk, 2015) — and when studied,
isolated forest fragments are usually only compared with dif-
ferent land uses (Pavuk & Wadsworth, 2013). In thisstudy, the
abundance, body size, rarity, and red-list status of longhorn
beetles all increased with an increase in the area of the stand.
QOur results indicate that larger mature stands are highly sig-
nificant not only for the total number of individuals, but also
for indices that are important from the point of view of conser-
vation biology (i.e., rare and threatened beetles) and functional
ecology - larger and thus, more conspicuous longhorn beetles
are associated with large stands (note that the mean value of
our stand area was approximately 2 ha). The habitat area of sa-
proxylic organisms is often characterized by the amount of
dead wood or the diameter of the studied tree (Horak et al.,
2014; Buse ¢t al., 2016). However, the amount of dead wood
in plantation forests is generally low (Kirby ef al., 1998); thus,
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Table 5. Individual longhorn beetle (Cerambyddae) species preferences for stands dominated by Sessile oak (Quercus petraar) and Norway
spruce (Picea abies), canopy openness and area in lowland plantation forests; t and P values (*P < 0.05; **P <0.01; **P < 0.001) are derived
from species response curves; species with fewer than five individuals were not analyzed.

Species Individuals Oak

Spruce Canopy openness Area

Acanthocinus griseus
Alpsterna tabacicolor
Anaglyptus nysticus
Callidium aeneum
Clytus arietis

Clytus lama

Cortodera femorata
Cortodera humeralis
Gaurotes virginea
Leiopus nebulosus
Leptura quadrifasciata
Menesia bipunctata
Molorchus minor
Obrium brunneum
Oplosia cinerea
Oxymirus cursor
Paracorymbia maculicornis
Pedostrangalia revestita
Phymatodes testaceus
Pogonocherus fasciculatus
Pogonocherus hispidus
Prionus coriarius
Pyrrhidium sanguineum
Rhagiwm bifasciatum
Rhagiwm inquisitor
Rhagium mordax
Saphanus piceus
Spondylis buprestoides
Stenocorus meridianus
Stenostola dubia
Stenurella bifasciata
Stenurella melanura
Tetropium castanem
Tetropium fuscum
Tetropium gabrieli
Xylotrechus antilope

—

—

——

=1
— it 1D D e L DD D e O LD e 00 W e 0 DD e ) e ) e D e D O e e e e P e e

0.60*
0.62*

2.66%*

—1.72*

2.65*

2.39*

047*

1.13** 0.03*

we conclude that the stand area could easily contribute to the
amount of dead wood available for saproxylic organisms in
studies on plantation forests.

What was the response of a rove beetle family?

Rove beetles are one of the families with the highest species
richness and also one of the most complicated groups for iden-
tification to the species level (Brunke et al., 2012). Previous
studies have identified them as potential indicators (Bohac,
1999); although recent findings have indicated that they are
probably generalists at the habitat level, at least in semi-
natural forests (Parmain et al., 2015).

The generalist habitat state of rove beetles appeared to be
confirmed by the absence of threatened species in this study.
However, we observed significantly more rare species in oak
stands. We predicted that oak stands promote most of the
studied dependent variables, but this was only true for the di-
versity of click beetles. Therefore, the greater number of rare
species and total abundance of rove beetles was relatively un-
expected, especially because the hypothesis concerning higher
biodiversity values in stands with prevailing native vegetation
was confirmed by the taxon that is currently considered to be
that with the greater number of generalists or opportunists.
Setting aside the problems outlined above concerning

ww.cambridge.ar
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generalist taxa, rove beetles occasionally responded positively
to oak stands mainly because they avoid conifer plantations
(Buse & Good, 1993). Another reason might be because even
if they do not appear to show habitat preferences in general
(Parmain et al., 2015), it is known that individual species occupy
a relatively large number of microhabitats (Caballero et al.,
2007) — and disparate microhabitats are mostly more common
in stands with native vegetation (Winter & Moller, 2008).
Rove beetles did not respond to the canopy openness gra-
dient; however, their diversity and body length increased with
increasing stand area, which was a similar response to that of
longhorn beetles. Nevertheless, considering individual species
responses, we found that three species were promoted by the
native vegetation, three species were negatively influenced by
canopy openness and four species were affected by anincreas-
ing stand area. On the other hand, the species that showed a
response (e.g., A. fungi, G. breviventer or O. rugosus) are mostly
associated with non-specific habitats, in leaf litter or decaying
plant, fungal or animal residues (Boha¢ & Matéjicek, 2003).

Potential implications for management

QOaks that were dominant in the study territory in the past
(Neuhauselova & Moravec, 2001) are mostly no longer present
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Table 6. Individual rove beetle (Staphylinidae) species preferences for stands dominated by Sessile oak (Quercus petraca) and Norway spruce
(Picea abies), canopy openness and area in lowland plantation forests; ¢ and P values (*P < (.05; **P < 0.01) are derived from spedes response
curves; species with fewer than ten individuals were not analyzed.

Species Individuals Oak Spruce Canopy openness Area

Acidota crenata
Acidota cruentata
Aleochara bipustulata
Aleochara sparsa
Aloconota sulcifrons
Amarochara umbrosa
Amischa analis
Anotylus nitidulus
Anotylus rugosus
Anotylus tetracarinatus
Atheta aeneicollis
Atheta amicula

Atheta celata

Atheta crassicornis
Atheta elongatula
Atheta fungi

Atheta livida

Atheta malleus

Atheta melanocem
Atheta nigripes

Atheta pittionii

Atheta ravilla

Atheta subtilis

Atheta triangulum
Atrecus affinis

Autalia rivudaris
Bibloporus minmufus
Bisnius fimetarius
Bythinus burrelli
Bythinus macropalpus
Carpelimus bilineatus
Carpelimus elongatulus
Carpelimus obesus
Carpelimus rivularis
Elonium striatulum
Euplectus decipiens
Euplectus karsteni
Euplectus punctatus
Gabrius breviventer
Gabrius nitritulus
Gabrius osseticus
Gabrius splendidulus
Gyrophaena boleti
Haploglossa puncticollis
Heterothops dissimilis
Kenothus Inevicollis
Lathrobiwm laevipenne
Lathrobium terminatim
Leptusa pulchella
Lesteva longoelytrata
Liogluta granigera
Lordithon lunulatus
Lordithon trimaculatus
Meotica exilis
Mycetoporus corpulentus
Mycetoporus erichsonanus
Mycetoporus lepidus
Mycetoporus splendidulus
Ovcalea badia

Ocalea picata

Omalium caesum
Omalium rivulare
Oxypoda abdominalis
Oxypoda acuminata

~0.07*

i o
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~2.60*

~0.05*
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Table 6. (Cont.)

Species Individuals Oak Spruce Canopy openness

Oxypoda brevicornis
Oxypoda opaca
Oxypoda vicing
Oxypoda vittata
Oxyporus rufus
Oxytelus insecatus
Oxytelus migrator
Oxytelus nigosus
Philhygra elongatula
Philonthus atratus
Philonthus carbonarius
Philonthus cognatus
Philonthus decorus
Philonthus fumarius
Philonthus laevicollis
Philonthus laminatus
Philonthus quisquiliarius
Philonthus rectangulus
Philonthus rotundicollis
Philonthus tenuicornis
Philonthus umbratilis
Philonthus varians
Phleopora testacen
Phloeonomus planus
Phloeonomus pusillus
Phloeopora testacea
Plataraea interurbana
Platydracus fulvipes
Platystethus nitens
Plectophloeus fischeri
Plectophloeus nitidus
Quedius boopoides
Quedius boops

Quedius fuliginosus
Quedius nitipennis
Quedius xanthopus
Rugilus mixtus
Rugilus rufipes
Rugilus scutellatus
Scaphisoma agaricinum
Scaphisoma assimile
Scaphisoma boleti
Scopaeus cognatus
Scopaeus laevigatus
Scopaeus minutus
Sepedophilus pedicularius
Staphylinus erythropterus
Stenus clavicornis
Stenus comma

Stenus fossulatus
Stenus humilis
Syntomiwm aeneus
Tachinnus subtermaneus
Tachinus corticinus
Tachinus signatus
Tachyporus chrysomelinus
Tachyporus hypnorum
Tachyporus nitidulus
Tachyporus obtusus
Tachyporus solutus
Trimium brevicome
Trimium carpathicum
Tyrus mucronatus
Xantholinus Iinearis
Xantholinus longiventris
Zyras cognatus

Zyras limbatus

(=]

2.78* ~2.50*
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as a dominant species (Loskotova & Hordk, 2016). One poten-
tial reason why oak stands did not lead to the expected promo-
tion of the majority of the studied taxa was that total area of
broadleaved stands was relatively low and isolation was
high compared with in conifer plantations (Loskotova, 2013).
Therefore, one recommendation for forest management s to at
least preserve indigenous broadleaved tree species, which
would help to regenerate, create, and connect new islands of
deciduous trees (Webb et al., 2008). Although the natural re-
generation of oak trees is occasionally considered complicated
(Annighbfer et al., 2015), it is preferred for the maintenance of
beetle diversity.

Another important point for management is that legal for-
estry restrictions appear to be strict in most countries in central
Europe. For example, clear-cuts in the Czech Republic can be
performed in most cases only up to 1 ha, whereas some beetle
families and their studied traits responded to an increasing
area of the forest stand in our research area and the largest
stand exceeded 3 ha. In Scandinavia, clear-cuts of a larger area
are allowed, although with particular conservation-orented
amendments (e.g., the retention of green trees and dead
wood), which might protect biodiversity (Vanha-Majamaa &
Jalonen, 2001). This also appears to be important in the context
of the first-mentioned management implication - ie., an in-
crease in the total area of broadleaved islands. To conserve
the initial insect fauna, it is necessary to increase size of the
broadleaved stands (Webb et al., 2008), including the fragmen-
ted patches of native oaks, which are generally found in the
lowland forests of the central Europe (Neuhauselova &
Moravec, 2001). On the other hand, conifer plantations also
supported several beetle species of conservation interest and
therefore, specific forest management applications (such as
support of diversified tree species composition) should be ap-
plied to avoid the loss of biodiversity and also to conserverare
and threatened species (Roder et al., 2010). This is also highly
connected to the fact that the majority of large forest planta-
tions were subjected to the forest management of closed can-
opy stands, which is predicted to be more resistant to wind
breaks (Vicena et al., 1979). Therefore, larger scales of present
and future harvesting with veteran tree retention (Alexander
et al., 1996) might also introduce a level of mosaic structure
to the stands. Moreover, if natural regeneration is applied to
the new clear-cut area, beetle diversity indices and traits can
benefit from the newly created ecosystem heterogeneity, as
has been observed for other insects (Véle et al., 2016).

One of the well-known patterns in biogeography is that a
large surface area of suitable habitats (ie., stands, in this
case) also means a higher species richness. Even if in this
case it is rather a patch-matrix model than application of the-
ory of island biogeography, the implication for management
remains the same. The above-mentioned legal acts are oriented
toward sustainable management (e.g., Gossner et al., 2013);
however, they might limit the further biodiversity-oriented
management implications in the plantation forest stands.
When we consider the maximal nature regeneration, one of
the important issues regarding the future of clear-cut stands
is the fact that the heterogeneity of tree species composition
would be potentially higher in larger areas compared with
in small cuts (Yasuhiro et al., 2004).

The positive effect of spruce monocultures on certain fam-
ilies and species of click beetles was relatively surprising. This
was probably because abundance of two native conifers of
Scots pine and Silver fir together with Norway spruce in our
research area could promote abundance of click beetles. The

study area in total had a very low level of canopy openness
(a mean light penetration of orllv 9%), which possibly nega-
tively affected the final number of captured beetle species.
Another explanation for the positive response to Norway
spruce is that conifer plantations were more disturbed by abi-
otic factors in the past (spruce mainly by wind), which in-
creased the insolation of stands compared with undisturbed
oak-dominated stands. Regarding the improvement of condi-
tions in native vegetation, any type of forest management of
oak stands (e.g., the thinning of young trees or the intermedi-
ate felling of older and shelterwood cuttings in mature stands)
can lead to a more open site canopy, to which many beetle spe-
cies react positively (Vodka et al., 2009), since the temperature
of the stand is increased by the amount of sunlit space (e.g.,
Iverson et al., 2008).
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ARTICLEINFO ABSTRACT
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Forest plantations represent a globally important land use, and their growth is expected to triple by the end of
the century. Therefore, they could represent an important habitat remnant to support the survival of species. We
measured the impact of forest plantations on biodiversity with a focus on eight groups of biota including sa-
proxylic and ground mycorrhizal fungi, lichens, herbs together with shrubs, tree seedlings, aculeate hyme-
nopterans, beetles and birds, in patches with formerly continuous vegetation dominated by native oak and in
patches in spruce plantations (reflecting spatiotemporal discontinuity) in the East-Bohemian woodlands of the
Czech Republic.

We found that species richness and numbers of obligate speces were higher in native than in nonnative
forests, but there was no significant difference in red-listed species. Nevertheless, the spedes of three of the eight
studied groups profited from increasing proportion of spruce in the tree composition; only beetles and birds were
negatively affected.

The results revealed more highly contrasting and often complex responses among the groups than what might
be expected theoretically. The first key issue in the management of plantation forests in terms of biodiversity is
the partial retention and restoration of islands of native vegetation. The second issue is that the impact of a

nonnative tree species is not always negative.

1. Introduction

The conservation and maintenance of biodiverse forest ecosystems
is a crucial issue worldwide. Importantly, the current global tree
plantation area (excluding palm oil plantations) is approximately 7% of
the forested area of the world, and this value is expected to grow to
more than 20% over the next century (Brockerhoff et al., 2013; Hansen
et al., 2013). At least one-quarter of the global commercial plantations
consist of nonnative and fast-growing tree species (FAO, 2010). More-
over, natural forests will likely become fragmented and smaller with an
accompanying decrease in their native biodiversity (McGill et al.,
2015). The maintenance of biodiversity is not only an issue for con-
servation hot spots; it also applies to the harvested forests of Europe,
North America and East Asia (Hansen et al., 2013; Hannah et al., 1995).
Many of the old-growth beech and oak forests in central Europe have
been transformed into plantations of coniferous trees, but the forest
cover area in Europe is constantly increasing. The problem is that the

* Corresponding author.
E-mail address jakub.sruby@gmail.com (J. Hordk).

https://doi.org/10.1016/j.foreco.2018.11.019

increase in forest cover is mainly attributable to the establishment of
commercial plantation forests on former agricultural land (Forest
Europe UN & FAO, 2011).

Plantation forests are often characterized by the public, journalists
and, frequently, conservation biologists, as “biological deserts” or
“green deserts” (Acosta, 2011; Qiu, 2014). Recently, it was estimated
that biological deserts constitute 40% worldwide, and this value con-
tinues to increase (e.g., Polovina et al.,, 2008). The alteration of wee
species in commercial plantation forests, especially through the in-
troduction of nonnative trees, is predicted to hinder the survival of
native organisms. Thus, the biodiversity of these forests is often con-
sidered to be very low, and it is claimed that they leave no place for rare
or endangered species (Acosta, 2011; Graves, 2015). However, recent
studies suggest that plantation forests are not necessarily green deserts
(Carnus et al., 2006; Brockerhoff et al., 2008; Graves, 2015).

Indeed, biodiversity in forest plantations is not necessarily low re-
lative to other systems. Changes to spatiotemporal heterogeneity (e.g.,
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opening canopies or establishing an even-aged structure matrix) to-
gether with natural disturbances in forest plantations (e.g., leaving
dead wood materials within the stands) at the landscape scale may help
restore forest biodiversity (Lindenmayer et al., 2010; Horak et al.,
2014). Leaving natural or seminatural patches within plantations to
function as biodiversity islands may also be a useful strategy (As, 1993),
and scattered veteran trees can be enormously important for retaining
biodiversity (Hordk, 2017).

Forest management may affect populations of species directly
through logging and indirectly through changes in habitat hetero-
geneity and prey availability (Brunet et al., 2010). From the perspective
of biodiversity, studying taxa with different life characteristics and
strategies (Jackson and Fahrig, 2015) appears to be crucial, especially
for plantation forests. Even when focusing on a particular taxa, different
species require variety of habitat types (Horak et al., 2014), and plan-
tation forests may represent an important habitat remnant to support
the survival of such species. Plantation forests, therefore, should also be
included in discussions of biodiversity-promoting natural disturbances
(Lindenmayer et al., 2010).

‘We measured the impact of commercial forest plantations on bio-
diversity with a focus on multiple groups of biota. We used eight groups
of organisms with disparate dispersal abilities, taxonomic affiliations
and ecological requirements that we organized according to the dis-
parate environmental characteristics that, to the best of our knowledge,
reflect the conditions of plantation forests globally.

1.1. Objectives

‘We were interested in the effects of native vs. nonnative tree species
on the biota in plantation forests. Our particular questions were:

(i) Are there differences between native oak stands and nonnative
spruce plantations in terms of species richness and the number of
obligate and threatened species?

(ii) What is the response of the species composition to the studied
environmental variables?

(iii) What is the response of individual species to the studied environ-
mental variables?

2. Materials and methods
2.1. Study area

The studied forests comprised nearly 6500 ha in a spatially con-
tinuous area of the East-Bohemian woodlands in the Czech Republic
(GPS of centroid: 50.0260N, 16.1260E). In the past, this area was
covered by temperate broadleaved forests dominated by sessile oak
(Quercus petraea), but a large area has been planted for more than two
centuries with the fast-growing, nonnative Norway spruce (Picea abies)
that is only native to the highest mountains in central Europe. The oak
stands served as isolated islands and represented the former dominant
vegetation in the landscape, whereas the spruce plantations are non-
native trees and represented spatial and temporal discontinuity of
former vegetation. In total, thirty mature stands distributed throughout
the entire East-Bohemian woodlands were studied using a paired design
with the 1 distance b sampling points and the distance
from sampling points to the woodland edge set as 50 m.

2.2. Sampling

We used equal-stratified sampling (Hirzel and Guisan, 2002). Eight
groups of organisms were selected for this study including two groups
of fungi. Saproxylic fungi (i) are strictly associated with dead wood and
may be sensitive to logging. Ground mycorrhizal fungi (ii) are relatively
well known and mostly symbiotic with particular forest tree species,
which mostly restricts them to forest habitat. We also sampled lichens
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(iii) as specialized and sedentary symbiotic organisms. All the groups of
fungi and lichens were collected during early autumn in 2014. We also
sampled two groups of vascular plants, the first of which consisted of
herbs and shrubs (iv) which were pooled together because forests had
relatively few larger shrubs and many of these shrubs were low shrubs,
such as Bilberry (Vaccinium myrtillus), with requirements similar to
those of perennial plants. Herbs and shrubs belong to taxa with medium
dispersal abilities. The second group of plants consisted of tree seed-
lings (v) produced via natural regeneration; the seeds of most forest
trees have relatively high dispersal. We primarily studied this group
because we predicted that the distribution of tree seedlings in mature
stands would only be slightly affected by human disturbances and be-
cause seedlings accurately reflect the influence of oak and spruce on the
future species composition of the stands. The plants were collected
during late summer and early autumn in 2014. Hymenoptera (vi) were
studied as invertebrate taxa with relatively good dispersal abilities, and
they are also known to exhibit good responses to habitat alterations.
Beetles (vii), along with hymenopterans, constitute one of the most
species-rich taxa in the world, but their dispersal abilities are predicted
to be lower than those of the hymenopterans. Aculeata Hymenoptera
(excl. Formicidae) and Coleoptera (excl. Nitidulidae, Anobiidae, Chry-
somelidae, Hydrophilidae, Leiodidae, Scirtidae and Throscidae) were
collected during the vegetation growing season in 2011 and then
identified to the species level. Birds (viii) were sampled as taxa that
generally have relatively good dispersal abilities during spring 2014.

All of the studied insects were sampled using standard crossed panel
window traps fixed to two iron sticks, which enabled the traps to move
in the wind (Loskotovd and Hordk, 2016). All of the fungi, lichens,
plants and birds were sampled within a 40-m radius surrounding the
center of the stand (marked by the window trap) via a time-limited
survey with 15 min as the limit for sampling (e.g., Hordk et al., 2018a).
In the case of fungi, lichens and plants, we used direct species ob-
servations; birds were also surveyed awrally (Hordk et al., 2018a,
2018b).

2.3. Variables

‘We studied the total number of species. Obligate species were those
that were only found in oak or spruce stands. We used obligate species
instead of rare or infrequent species, which are more commonly ana-
lyzed, because rare species have a high potential to only be tourists. We
also analyzed species listed on actual Czech red lists. All of these de-
pendent variables were first analyzed with respect to the dominant tree
species (spruce vs. oak). The species composition and individual species
responses were then analyzed as a presence/absence matrix, which
enabled a better final comparison among the different taxa.

We carefully selected four predictors that described the environ-
mental conditions of the plantation forests. Not all stands were of
regular shape, the same area, or pure spruce plantations or oak stands,
so we measured (1) the percentage of spruce and oak within a 40-m
radius (i.e., a circular patch) of the overstory. Spruce coverage ex-
hibited collinearity with that of the oak (VIF = 2.26), meaning that an
increasing amount of spruce reflected a decreasing amount of oak.
Thus, the oak coverage was not analyzed further. We then analyzed the
influence of spruce in the tree species composition. Additonally, (ii) we
counted in detail all stumps less than five years old (reflected by the
presence of bark) within a 40-m radius. Because we studied mature
plantatons of nearly the same age, the stumps had the same relative
dimensions, and this predictor reflected the actual management in-
tensity, which simply cannot be found in the management plans (e.g.,
due to sanitary cuttings). (iii) The third predictor was canopy openness,
which reflected the microclimatic and light conditions of the individual
patch being studied. Canopy openness was measured under the full
foliage using fish-eye photographs from the center of a particular patch.
(iv) The last predictor was chosen with respect to the potential edge
effect and the effect of deforested land and measured as a percentage of
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nonforest area within a 40-m radius.
2.4, Statistical analyses

All of the statistical analyses were performed in R 3.0.2 and
CANOCO 4.5. The distribution of the dependent variables was tested
with Shapiro-Wilk and chi-square tests, and the influence of the spatial
autocorrelation was tested using Geary's C test under randomization
(package spdep). The potential bias caused by the multicollinearity of
the predictors was detected using the variance inflation factor (package
HH). The Wilcoxon paired test was used to analyze the difference in the
number of obligate and red-listed species between oak and spruce
stands, and a canonical correspondence analysis (CCA) was used to
investigate the species composition. The coordinates and their crossed
and quadratic products were treated as continuous covariables for taxa
that were significantly influenced by spatial autocorrelation (lichens
and hymenopterans). A global permutation test was set at 9999 per-
mutations under the full model; the permutation type was restricted for
asplit-plot design, and the whole plot was freely exchangeable. Because
of the presence of empty samples for some taxa, we added one species
present in all samples (Horak et al., 2014), and to estimate the response
of the species richness gradient, we used the t-value of the correlated
axis. We used generalized linear mixed-effect models (GLMM) with
binomial distributions to analyze the response of individual species
with site incidences exceeding 10. The pairs of plots were used as a
random factor (package MASS). Each fish-eye photograph was eval-
uated on canopy openness using Gap Light Analyzer 2.0.

3. Results

We identified 789 species among the eight studied groups including
523 species of beetles, 71 bees and wasps, 50 saproxylic fungi, 49
herbaceous plants and shrubs, 37 birds, 21 lichens, 20 mycorrhizal
fungi and 18 trees.

3.1. Species richness

We found that the number of species was significantly higher in
native oak stands (76.81% of the total species) than in nonnative spruce
stands (68.57%), and the number of obligate species in a particular
group was also higher for cak (31.43%) than spruce (23.19%) stands
(Fig. 1). In total, 30 species were listed on country red-lists, but we
found no significant difference in the incidences of red-listed species
between oak and spruce stands (z = 0.94; P = 0.35).

3.2, Species composition

The species composition of five of the eight studied groups re-
sponded significantly to the set of the studied independent predictors
(Table SI 1). Beetles, hymenopterans, and birds exhibited the highest P-
value significance followed by mycorrhizal fungi and tree seedlings.
Wood-inhabiting fungi, lichens and plants were the only groups that did
not respond to the studied environment.

Beetles, as medium-dispersing taxa, and birds, which are good dis-
persers, were negatively affected by increasing proportions of spruce in
the tree composition (Table 1). Beetles also exhibited a complex pattern
in response to the environment. In addition to the tree species com-
position, they also responded negatively to increasing canopy op
and were positively influenced by the surrounding deforested areas.
Surprisingly, three groups benefited from an increasing percentage of
spruce cover (Table 1) in contrast to previous results (Fig. 1). Namely,
the number of species of mycorrhizal fungi that preferred spruce-
dominated stands was higher than the number of species that were
promoted by native oak. Tree seedlings constituted the second group
that was positively influenced by spruce dominance, and bees and
wasps responded positively to increases in the proportion of spruce and
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canopy openness (Table 1).
3.3. Species responses

Three species (the lichen Lepraria incana, the beetle Athous sub-
fuscus, and the bird Fringilla coelebs) should be regarded as generalists
because they were represented in all study sites. Additionally, 1 species
of fungi, 4 lichens, 2 trees, 5 bees and wasps, 17 beetles and 5 birds
responded significantly to some of the studied environmental variables
(Table SI 2). The fact that these 34 species responded to the environ-
ment suggests that research at the level of individual species could
reveal some details about biodiversity that cannot be observed by
analyzing groups.

Surprisingly, more species (17 in total) were positively influenced
than were negatively affected (10 in total) when the proportion of
spruce increased (Table SI 2). Moreover, many species were not affected
by the nonnative trees in forests.

Regarding the other pl ion forest par most species
(especially insects and their predators) responded positively to in-
creasing sunlight in the stands. Indeed, increasing the area without
forest cover negatively affected fewer species than the opposite, but the
difference was not as large as that observed for canopy openness. More
species preferred intermediate felling in the recent past in mature for-
ests (Table SI 2).

4. Discussion

We found that there were differences between native oak stands and
nonnative spruce plantations in terms of species richness and the
number of obligate species, but this difference was not significant for
threatened species. Six studied groups responded significantly to the
studied independent variables regarding their species composition. We
also found that 34 species responded to the studied environment.

4.1. Biodiversity and the impact of dominants

Based on the ability of cak stands to host higher numbers of unique
and total species, the retention and future restoration of fragmented
islands of native tree species appear to be highly important within
plantation forest matrices (As, 1993; Rodriguez-San Pedro and
Simonetti, 2015; Phillips et al., 2018).

4.2, Importance of tree species composition

The results for saproxylic fungi, lichens and plants were quite sur-
prising because these groups are often studied with a number of
bioindicators (Hermy et al., 1999; Padoa-Schippoa et al., 2006). Thus, it
is difficult to describe plantation forests as green deserts for saproxylic
fungi, lichens or plants, but the abilities of these groups to serve as
indicators in this type of environment might be limited in comparison
with forest reserves (e.g., Hordk et al., 2018b).

From the perspective of a multitaxa approach, the impacts of
plantation forests on biodiversity were more complex than what might
have been expected at first glance. The finding that the representation
of nonnative trees negatively impacted only two taxa was relatively
surprising (Newbold et al., 2015), and in the case of the complex re-
sponse of beetles, this effect may be explained by the interconnection of
these species with plants and fungi and their dispersal abilities (Jackson
and Fahrig, 2015; Miiller et al.,, 2015). The effects on birds were
especially surprising because this taxon consists, in general, of mobile
animals (especially relative to the other studied taxa), but the dispersal
abilities of some bird species might be very low or limited because of
habitat specificity. For example, a conspicuous passerine, the Golden
oriole (Oriolus oriolus), was only observed in oak stands. Trees and
hymenopterans preferred large amounts of spruce, and a similar re-
sponse was interesting in the case of fungi with mycorrhiza because
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Fig. 1. Differences in the species richness of the
studied groups. The differences between forest
stands dominated by native (Sessile oak: yellow)
and nonnative (Norway spruce: green) trees in
temperate  plantation forests are presented
(.P = 0.05; outliers are not shown). (For inter-
pretation of the references to colour in this figure
legend, the reader is referred to the web version of
this article.)

J. Hordk et al
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Table 1

Responses of five of the studied groups to the environmental variables. The
response regarding the mumber of species was analyzed in temperate plantation
forests using the t-value in CCA.

Group Predictor R (%) F P Response

Mycorrhizal fungi  Canopy openness  4.05 118 023
No forest 2,53 073 0.66
Spruce 6.94 2,08 =< 0.001 +
Stumps 4.14 121 028

Trees Canopy openness 446 128 018
No forest 3.81 096 054
Spruce 6.47 1.94 = 0.001 +
Stumps 3.60 089 053

Bees and wasps Canopy openness 519 1.53  0.004 +
No forest 4.39 131 013
Spruce 4.55 112 =0001  +
Stumps 3.30 092 0.62

Beetles Canopy openness 4.4 119 0.016 -
No forest 4.29 125  0.001 +
Spruce 473 139 =0.001 -
Stumps 332 057 0.64

Birds Canopy openness  3.58 093 0.60
No forest 4.25 129 018
Spruce 747 227 =0001 -
Stumps 3.94 100 0.44

such fungi should be predicted to have poor dispersal relative to other
taxa (R and R 2009).

One important issue in nature conservation is natural habitat re-
storation, including in plantations and degraded forests (Lamb et al.,
2005; McFadden and Dirzo, 2018). The higher number of seedlings in
spruce stands in our research indicated that plantations of nonnative
trees have a high potential for restoration through natural succession;
that is, setting aside a few hectares of stands within the plantation
matrix by forest managers would lead to the creation of seminatural
patches and thus increase the landscape connectivity without incurring
additional costs. These plantations have also been described as ecolo-
gically unstable (McCann, 2000; Brang et al,, 2014; Veldman et al.,
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2015), but bees and wasps, which were observed to prefer nonnative
trees in our study, include a significant number of keystone species
including pollinators of commercial plants and predators and parasites
that function in pest management (Thies and Tschamtke, 1999). Given
that these species were positively influenced by spruce and have rela-
tively high mobility, we can conclude that the future improvement of
plantation stability is promising (Cruz-Neto et al., 2018), especially if
plantations could be incorporated into a more scattered forest land-
scape (McCann, 2000).

4.3. Disentangling the contrast

The known beneficial effect of habitat matrices on biodiversity
(Hordk et al., 2014; Redon et al., 2014; Mortelliti et al., 2015) likely
explains why our results appeared to be contrasting and why this factor
represents an opportunity to ensure the future of plantation forests
(Rodriguez-San Pedro and Simonetti, 2015; Cruz-Neto et al., 2018). We
found that stands dominated by native tree species hosted a higher
number of species, including those exclusive to native habitats, so we
can conclude that the remnants of the former forest vegetation types,
even when managed for timber products, promoted biodiversity in
plantation forests. Therefore, the maintenance of the former vegetation,
at least as habitat islands, is a key opportunity for plantation forests
(Hanzelka and Reif, 2016).

Nevertheless, increasing the representation of nonnative conifer
species appeared to benefit several groups and species. Thus, we can
conclude that mixtures of different species in plantation forests could
benefit biodiversity, and whether the mixed species stands are native
matters little. Thus, each tree species contributes some spatial and
species-specific diversity to the organismal distribution (Miiller et al.,
2015). Additionally, more heterogeneous plantation forests can be
predicted to be more resistant to natural disturbances (Verheyen et al.,
2016) and thus more sustainable (e.g., because of diverse forms of
carbon sequestration; JoZefowska et al., 2017). For example, spruces
are used by many generalists but can also attract specialists from
mountainous forests (Roder et al., 2010).

There are two possible approaches for maintaining and improving
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biodiversity in plantations:

(1) Increasing the heterogeneity of tree species within the stands (i.e.,
at a spatial scale of a few hectares), which is important for appro-
priate individual forest management, and

(2) Maintaining native vegetation inside the matrix of plantation for-
ests (i.e., the landscape spatial scale), which is important for global
forest management.

4.4. Implications for promoting biodiverse plantations

We highlighted the important role of native vegetation as habitat
islands within plantations; these fragments could host higher numbers
of unique and total species. We also focused on the effect of the re-
presentation of nonnative trees in plantations, and despite their poor
reputation among nature conservationists, these species appeared to
have few negative impacts. Furthermore, some groups even benefited
from them. Thus, plantations of nonnative trees are not always green
deserts and we can expect similar patterns of biodiversity elsewhere.
These conclusions are strengthened by the fact that we studied eight
groups with disparate dispersal abilities, taxonomic affiliatons and
ecological requi ts and combined them with diverse environ-
mental characteristics reflecting the conditions of forest plantations
worldwide.

The first key issue in promoting the biodiversity of plantation forests
during their expected future expansion is the retention and restoration
of native vegetation. The second issue is the representation of nonnative
trees in various mixtures.

We believe that this study contributes to the knowledge of biodi-
versity because plantation forests will be a dominant land use type in
the future (FAO, 2010). Thus, pl ions that are d d to better
deliver socioeconomic benefits (e.g., recreation and relaxation activ-
ities) and nonproductive forest functions (e.g., dust reduction, and
mushroom and fruit production) while providing ecological services
(e.g., biodiversity maintenance) will be very important in the future.
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Supplementary Information
Table ST 1
Responses of all groups to the environment. The responses were analyzed in temperate plantation

forests using CCA.

Group R? (%) F P
Mycorrhizal fungi 17.94 1.37 0.022
Saproxylic fungi 14.08 1.02 0.13
Lichens 15.35 1.13 0.16
Herbs and shrubs 13.10 0.94 0.37
Trees 16.83 1.27 0.034
Bees and wasps 16.41 1.23 <0.001
Beetles 16.19 1.21 <0.001
Birds 18.01 1.37 <0.001
1
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Table SI 2

Responses of species to the variables. The responses were analyzed for species with more than 10

incidences in temperate plantation forests using GLMMs. Only the significant responses and their

t-value signs are presented.

Canopy No
Group Species openness forest Spruce Stumps
Mycorrhizal
fungi Boletus badius - + + +
Lichens Cladonia coniocraea + - + +
Coenogonium pineti - - - -
Lecanora conizaeoides - + + +
Micarea prasina - - + -
Trees Pinus sylvestris + + + +
Picea abies +
Bees and
wasps Andrena lapponica + + - +
Andrena minutula -
Bombus hortorum +
Bombus pascuorum - - + -
Vespula vulgaris - + + -
Beetles Amara plebeja - + - +
Ampedus balteatus + - + -
Ampedus pomorum +
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Anaspis thoracica + - - -
Athous haemorrhoidalis + - - -
Athous zebei + + +
Atfomaria turgida - + + +

Byturus ochraceus -
Corticarina similara +

Dacne bipustulata - - -

Dasytes plumbeus + + + -
Ectinus aterrimus + - + +
Enicmus rugosus + - + -
Phloeopora testacea + +

Pityophthorus pitvographus — + - + -

Sericus brunneus +

Strophosoma

melanogrammum + + - +

Birds Certhia brachydactyla -
Certhia familiaris + - + +
Cyanistes caeruleus + + - -
Erithacus rubecula - - - +
Parus major + +
3
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6 DISKUSE

6.1 Kovarici hospodarskych lestii Vychodniho Polabi

Béhem studie bylo v hospodéiskych lesich Vychodniho Polabi odchyceno 31 druht
kovaiiki, tedy necelych 20 % vsech druhii obyvajicich izemi CR (Zhradnik 2017),
11 druht saproxylickych kovaiikd (dle Schmidl, BuBller 2004) a 20 druht ptdnich
kovartikt, z toho 16 eudominantnich druhti a 8 recedentnich. Druhy dfive povazované za
vzacné (dle Vavra 2005), byly zjistény pouze V jednotlivcich, vyjma kovaiika Athous
vittatus (Fabricius, 1792), jehoz pocetnosti byly vyssi pouze v zachovalejSich plné
zapojenych doubravach s vyssi pokryvnosti bylinného patra. Pritkazny negativni vztah
k zapoji korun tohoto druhu se lisi od tdaju v literatuie, podle kterych je povazovan za
obyvatele zachovalych svétlych luhii nizkych poloh (Laibner 2000). Jeho vyssi
abundance byly ovlivnény vys$§im mnozstvim bylin v podrostu. Dal$im vlivnym
faktorem mohlo byt také vlh¢i mikroklima uzavienych porosti (Penev 1992). Jediny
zjistény druh aktualizovaného Cerveného seznamu (Hejda et al. 2017), Paraphostitus
nigricornis (Panzer, 1799) (VU), byl odchycen v jednom exemplati ve smrkovém
porostu. Druh obyva luhy, doubravy  a smiSené lesy. Jeho pfitomnost Ize vysvétlit
vy$si vlhkosti pudy, ve které probiha vyvoj larev, v porostu, kde byl odchycen (Laibner
2000).

Jedenact druhil zjiSténych saproxylickych kovatikii pfedstavuje 18 % vSech
saproxylickych kovaiikii CR. V dubovych i smrkovych porostech bylo zjisténo stejné
mnozstvi saproxylickych druhit a z doposud znamé faunistiky dubovych porosti
Vychodnich Cech piedstavuji zji§téné druhy pouze jednu &tvrtinu (Mertlik 2017).
VSechny zjisténé saproxylické druhy jsou navic schopny osidlovat hospodaiské lesy,
protoZze jejich vyvoj miiZze byt omezen na ponechané pafezy v porostech. Neptfitomnost
vzacnych a Uzce specializovanych druha saproxylickych kovatikli je pravdépodobné
disledkem kombinace stanoviStnich podminek a volby metody odchytu, ktera je
zam&fena na aktivn€ Iétajici druhy. U skryté zijicich druhii kovatikli existuje
ptedpoklad, ze ziidka opousti sva stanovisté (Mertlik 2017). Pro toto tvrzena vSak
nebyla nalezena vyrazna podpora v literarnich zdrojich a je zaloZeno spisSe
na subjektivnim posouzeni. VétSina druhii kovarikti mé dobte vyvinuta kiidla a aktivni

let u nich lze ptedpokladat. OvSem jak casto a jaké procento populace opousti sva
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stanoviste, jaka je jejich schopnost Sifeni a tspésnost vyhledavani novych stanovist’ neni
pro tyto skryté Zzijici druhy, vyjma kovatika rezavého, dobie znamo. V severskych
statech byla tspésnost odchytu brouki kmenovymi nérazovymi pastmi ve srovnani
s volné stojicimi maximalné o 10 % vyssi (Hyvérinen et al. 2006; Sverdrup-Thygeson,
Birkemoe 2009), ale je nutné vzit v ivahu nizsi biologickou rozmanitost severskych
oblasti. Odchytem do kmenovych narazovych pasti v roce 2014 ve stejnych porostech
byl zjistén srovnatelny pocet druhti kovaiikil (nepubl. data). Ctyfi druhy z roku 2011
nebyly odchyceny opakované a ¢étyfi nové druhy byly zjistény, ztoho jeden druh
¢erveného seznamu v kategorii témét ohrozeny NT Melanotus crassicollis (Erichson,
1841) a jeden saproxylicky druh Calambus bipustulatus (Linnaeus, 1767). Druhova
spolecenstva dvou sezon si byla ze 77 % podobna.

Velmi pravdépodobnym diivodem malého poctu vzécnych druht kovatiki
ve sledovanych porostech je celkové nizs§i pocet vhodnych mikrostanovist (zejména
dutin a mnozstvi mrtvého dieva) v hospodatskych lesich ve srovnani s lesy s méné
intenzivnim hospodatenim (Kirby et al. 1998; Miiller et al. 2010). Ve sledovanych
porostech, dubovych i smrkovych, bylo zjisténo 1,91 a 1,1 m® ponechaného mrtvého
dreva (ptfevazné malych rozmérti) a 0,12 dutin na ptl hektaru porostu (Loskotova 2013).
Objem ponechaného mrtvého dieva byl mnohokrat nizsi nez primérna hodnoty objemu
udavané z hospodatskych lest stiedni Evropy (napt. 5 m® lesich Némecka; Miiller et al.
2008) i Narodni inventarizace lesi CR (Kuéera et al. 2016). V roce 2014 bylo mnozstvi

mrtvého dieva na stejnych plochach navic jesté nizsi (0,8 a 0,9 m3; nepubl. data).

6.2 Kovarici rodu Athous Eschscholtz, 1829

Pudni kovarici rodu Athous byvaji velmi Casto soucasti spoleenstev narazovych pasti
Vv lesnim porstiedi, ale vztah celého rodu a jednotlivych druhii k hospodafskym lesim
nizsich poloh nebyl v Zadné z dostupnych publikaci dosud popsan. PrestoZe jsou druhy
této skupiny povazovani za generalisty, byla prokazana jejich preference vici jednomu
ze dvou typl porostu a skupina byla mezi porosty ptivodnich a neptivodnich dfevin
rozdélelna na dvé spoleCenstva. Kovatici Athous vittatus (Fabricius, 1792)
a A. haemorrhoidalis (Fabricius, 1801) ukazali preference vi¢i doubravam a A. zebei
Bach, 1854 a A. subfuscus (O.F.Miiller, 1764) ke smréinam. Laibner (2000) shodné
uvadi pro prvni druh vyskyt v listnatych a pro treti druh v jehlicnatych porostech,

ale zbylé dva druhy jsou V literatuie prezentovany jako generalisté. Vysledky
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Z hospodarskych lesi Vychodniho Polabi z vétsi casti koresponduji s vysledky
z ptirozenych lest ruskych lesostepi (Penev 1992), kde v pudach nutricné bohatsich
porostil byla typicka spolecenstva A. vittatus a A. haemorrhoidalis a v nutri¢né chudych
pudach A. subfuscus spole¢né s drunem Dalopius marginatus (Linnaeus, 1758).

Kovatik Athous vittatus je druhem ftidkych listnatych lesii a volnych enklav
(Laibner 2000). Jeho preference vici vysSimu zastoupeni dubti v dievinné skladbé
Vv porostech Vychodniho Polabi je tak ve shod¢ s literarnimi daji, ale negativni vztah
k otevienosti korun byl spiSe pfekvapivy. Tento druh byl napii¢ porosty méné hojny
a vyssich pocetnosti dosahoval pouze v nejstarSich nenarusenych dubovych porostech,
zaroven byl pozitivné ovlivnén velikosti porostu. Vyskyt a abundance A. vittatus ve vice
uzavienych dubovych porostech by mohly byt urovany vice vlhkostnimi poméry
(Penev 1992). Kovaiik Athous haemorrhoidalis vykazal pozitivni vtah k otevienosti
korunového patra, coz je ve shod¢ s vysledky studie ze Sibite, kde druh preferoval
teplej$i a sussi polohy listnatych porosti nizin (Penev 1992). Pocetnosti druhu byly
negativn€ ovlivnény plochou nelesniho prosttedi zasahujici do porostu.

Athous subfuscus byl nejhojnéj$im druhem kovaiika pfitomnym ve vSech
sledovanych porostech. Druh je uvadén jak z listnatych, tak jehli¢natych porosti,
ale vys$sich poloh (Laibner 2000). V porostech Vychodniho Polabi byla statisticky
ovéfena jeho preference pro smrkové porosty. To milze souviset sjejich kyselym
opadem. Je znamo, ze larvy druhu se vyskytuji hojné¢ v pidach snizkym Ph
(Wolters 1989; Penev 1992) a svou ¢innosti zlepsuji dostupnost Zivin pro dalsi ptidni
organismy. Kovatik Athous zebei, druh uzavienych porosti, byl ve shod¢ s o¢ekavanim
negativné ovlivnén véEtsi pokryvnosti pidy bylinami a prekvapivé pozitivné ovlivnén
pocty patezi. Kovarici Athous subfuscus a A. zebei jsou druhy s pievahou predace
a ve smrkovych monokulturdch mohou mit pozitivni vliv na pokles skiidcli s vyvojem
v puds. Kiistek (1967 In Kula, Svarc 2010) uvadi zvyseni populace druhu pii gradacich
ploskohibetek rodu Cephalcia Panzer, 1805. V hospodaiskych lesich severnich Cech
byl prokazan vzrist populace A. subfuscus po antropogenni disturbanci v porostech
(Kula, Svarc 2012).

Spolecenstva Athousu nejlépe odpovidala podminkdm lesniho prostiedi
na referenéni plose o velikosti 1256 m? v okoli odchytového mista, tedy do 20 m.
PrestoZe jsou povaZovani za vysoce mobilni druhy ve srovndni s ostatnimi brouky,
prostor, ve kterém vyhledavaji vhodné stanovisté, pravdépodobné neni vyrazné velky.

Studie disperzi broukii ukazuji, ze jednotlivé pielety jsou na kratS§i vzdalenosti,
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nez se predpokladalo (Drag et al. 2011). Disperzni schopnosti kovatikli byly zjistovany
predev$im pro agrarni Skidce (zejm. rod Agriotes Eschscholtz, 1829) a kovatika
rezavého Elater ferrugineus Linnaeus, 1758. Disperze $ktdct polnich plodin sestava
spise z n€kolika preletii délky desitek metrii (Sufyan et al. 2007; Schallhart et al. 2009),
bez rozdilu v nachylnosti k letu mezi pohlavimi (Crozier et al. 2003). Tfinact procent
jedinc agrarniho Sktdce Agriotes obscurus (Linnaeus, 1758) by bylo dle odhadu
schopno piekonat vzdalenost 80 m (Schallhart et al. 2009). Kratké vzdalenosti jsou
u Sktdct polnich plodin vysvétlovany shodnymi stanoviStnimi naroky dospélcti 1 larev
(Schallhart et al. 2009). Disperzni schopnosti saproxylického kovatika Elater
ferrugineus naznacuji, ze se schopnosti napfi¢ skupinou budou lisit. Zhruba polovina
sledovanych jedinci byla schopna ptekonat vzddlenost 250 m s doposud zndmym
maximem 1561 m a odhadem by 1 % jedincii mélo byt schopno piekonat hranici 1600
m (Zauli et al. 2014). Disperzni studie naznacuji, ze podobn¢ jako u mnohych druht
hmyzu (Clobert et al. 2009; Kocarek et al. 2013), by malé procento populaci kovarikt
melo byt schopno disperze na vétsi vzdalenosti. Zda je tomu tak i u Athousi, zlstava
zatim nezodpovézenou otdzkou, stejné jako tada dalSich aspektd disperze. Me¢ni
napiiklad podobné jako n¢které druhy motylti v méné vhodném prostredi strategii letu

na rychlejsi a ptimocary (Turlure et al. 2011)?

6.3 Porovnani kovarikii ve dvou typech porosti a jejich srovnani s dalSimi taxony

V celkovych poctech druhli kovatikli mezi porosty pfirozené (doubravy) a nepivodni
dfevinné skladby (smrciny) nebyly nalezeny vyrazné rozdily. To koresponduje
s vysledky dalSich studii, kde druhova bohatost nevykazovala zadné nebo vyznamné
rozdily ve srovnavanych porostech, ale dalsi charakteristiky skupiny ano (Penev 1992;
Ohsawa 2004; Thomas et al. 2007; Sigiura et al. 2009), zejména porovnani diverzity
skupiny a sloZeni spoleCenstev. Pii porovnani diverzity kovatikii, jejich pocetnosti,
délek t€l, vzacnosti a druhii Cerveného seznamu, byla rozdilnost mezi porosty
puvodnich a neptivodnich dfevin také prokazana (Mladenovi¢ et al. 2018). Pres ptivodni
ocekavani vSak byly hodnoty poslednich ¢ty charakteristik skupiny prokazatelné vyssi
ve smrkovych porostech. V ptipad€ pocetnosti druhti je vysledek mozné vysvétlit vyssi
otevienosti korun ve smréinach ve srovnani s doubravami (Vodka et al. 2009; Horak,
Rébl 2013). Velikost t€la mohla byt ovlivnéna znaéné vyS$imi pocty eudominantniho

druhu Athous subfuscus ve smrkovych porostech, nez byly pocty ostatnich druht
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kovarikll. Z celkového poctu 1068 jedinci tohoto druhu bylo 810 odchyceno ve
smrkovych porostech. Jediny druh se tak podilel vice nez polovinou na celkové biomase
odchycenych kovaiikii. Obé proménné vysvétlujici vyznam porostii pro chranéné a
vzacné druhy kovarika piekvapiveé urcily smrkové porosty jako hodnotnéjsi. Vzacnost
kovarikl byla pozitivné ovlivnéna otevienosti korunového patra, ktera byla vétsi prave
ve smréinach, i procentualnim zastoupenim smrku. Druhy cerveného seznamu byly
pozitivné¢ korelovany pouze s mnozstvim smrku. Tento vysledek mohl byt ovlivnén
hojnou ptitomnosti druhu Athous zebeli, v té dobé druhu zafazeného v kategorii NT dle
IUCN. Tento kovarik vykazuje preference ke smrkovym porostim a jako jediny druh
¢erveného seznamu byl hojny.

Pouze diverzita skupiny byla v dubovych porostech, reprezentujicich ptivodni
lesni vegetaci, prokazatelné vyssi a klesala s vyS$$im zastoupenim smrku v porostu.
Dubové porosty jsou pravdépodobné schopny vytvaret rozmanitéjsi stanovistni
podminky a podporovat populacné vyrovnangjsi spole¢enstva kovatikli. Naopak se zda,
ze smrkové porosty v matrici borl vytvaii vice méné unifikované prostiedi podporujici
vy$si abundance eudominantnich kovatikl a vytvari sekundarni prosttedi pro podhorské
a horské druhy s vazbou na jehli¢naté porosty a umoziuji jejich Sifeni do nizSich poloh
(Strong et al. 2002; Roder et al. 2010).

Vysledky mohly byt také ovlivnény okolnimi porosty tvofenymi pievazné
mlads$imi bory. V porostech hojny kovaiik Ampedus balteatus (Linnaeus, 1758) je
uvadén jako druh jehli¢natého pasu, zejména borovych lesti (Laibner 2000), podobné
jako kovatik Sericus brunneus (Linnaeus, 1758). Pozitivni vliv matrice na biodiverzitu
kovatiki ve sledovanych porostech je ve shod¢ i s celkovymi vysledky multitaxonové
studie v porostech zaméfené na dieviny, byliny a kefe, liSejniky, mykorhizni houby,
saproxylické houby, brouky, blanoktidlé a ptaky (Horédk et al. 2019) i dalSimi studiemi
(napt. Horak et al. 2014; Redon et al. 2014; Mortelliti et al. 2015).
svlivem na kovatiky. To koresponduje i sdal$§imi studiemi, jak v porostech
s extenzivnim hospodafenim (Hordk, Rébl 2013), tak v porostech hospodaiskych
(Ohsawa 2007). Kovatikoviti hospodaiskych porosti Vychodniho Polabi jsou
ve srovnani s brouky jako celkem (Horak et al. 2019) pravdépodobné vice citlivi
na prosvétleni porostil. PfestoZe nebyla rozdilnost v prosvétleni porost nijak vyrazna
a celkoveé byly spiSe uzaviené (otevienost: pramér 9,5 %, min.-max. 6,74 — 14.46 %),

statisticky vyznamné preference byly prokazany i na druhové urovni (viz nize). Naopak
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ve studii z Maine, USA, kde byla srovnavana spoleCenstva saproxylickych kovarikt
padlych kment v porostech se dvéma riznymi intenzitami prosvétleni nebyly zjiStény
statisticky prokazatelné reakce. Navic, ¢tyfi eudominantni druhy mély vyssi abundance
V uzavienych porostech bez tézby (Thomas et al. 2009).

Vliv velikosti porostu, navzdory o¢ekavani, nebyl zjistén pro zddnou proménnou
charakterizujici skupinu kovarikd. Vliv velikosti porostu nebyl prokazan ani v Belgické
studii, kde vSak byly srovnavany rtiznoveéké porosty (Pontégnie et al. 2005). Neznamena
to vSak nutn¢, ze vztah mezi kovariky a velikosti porostu neexistuje. Plochy porosti
mohly byt mensi nez odpovidajici prahova hodnota. Navic na druhové trovni byl vliv
velikosti porostt statisticky vyznamny pro 3 druhy kovatiku.

Ve studii z lesti plivodni a neplvodni dfevinné skladby byly kovatikoviti
srovnani s dalsimi  dvéma c¢eledmi broukd, tesarikovitymi (Cerambycidae)
a drabcikovitymi (Staphylinidae). VSechny tfi skupiny vykézaly rozdilné reakce,
coz koresponduje s mirou jejich ekologické rozmanitosti. Zatimco kovarikoviti, jako
velmi rozmanita skupina, byly ovlivnéni typem porostu a otevienosti korun, tesatikoviti,
reprezentujici ekologickou skupinu saproxylickych broukt, neukézali na urovni celého
taxonu zadné preference vici typu porostu. Na druhové urovni, rozdélenim pocti
jedinct jednotlivych druhd s vyskytem ve smrkovém nebo dubovém porostu, byly
ptipad¢ velikost porostu. Drabcikoviti pfedstavuji jednu z nejbohatSich skupin broukt
a obecné jsou povazovani za generalisty. Na urovni taxonu byly dfevinnou skladbou
ovlivnény celkové pocetnosti zastupcti a vzacné druhy, obé charakteristiky negativné
ovlivnény vyssi zastoupenim smrku v porostu.

Multitaxonova studie ze stejnych porostii ptivodni a nepiivodni dfevinné skladby
porovnavala biodiverzitu osmi taxond: semenackil dfevin, bylin a kef, mykorhiznich
a saproxylickych hub, liSejnikti, ptakt, blanokiidlych a broukl. Celkova biodiverzita
byla vyssi v dubovych porostech a nejvétsi mérou se na ni podileli brouci. Ti jako celek
ukazali opacné reakce na prostiedi porostli nez kovatici. Ve srovnani s kovatiky byly
brouci jako celek negativné ovlivnéni zvySujicim se zastoupenim smrku a otevienosti
korunového patra. Pro 34 druht vSech skupin byly zjistény preference na druhové
urovni, véetné péti druhli kovatfikd. Zatimco brouci jako skupina byli pozitivné
ovlivnény nelesnimi plochami zasahujicimi do porostl, dva druhy kovatikli reagovali
negativné, zbyli tfi byli indiferentni. VSech pét druht bylo také ovlivnéno pozitivné

otefenosti korun.
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6.4 Preference druhii s vyvojem v pudé

Pro osm druhd padnich kovatikii byly zjiStény preference alespon vuci jedné
ze sledovanych charakteristik porosti (tj. véetné¢ druhti rodu Athous). Pro druhy
Dicronychus cinereus (Herbst, 1784), Limonius poneli Leseigneur et Mertlik, 2007
a Nothodes parvulus (Panzer, 1799) statisticky vyznamné preference zjistény nebyly.
Prvni druh mé Sirokou ekologickou valenci a zbylé dva jsou udavany z fidkych svétlych
porostil (Laibner 2000; Mertlik 2008).

Kovatik Agriotes acuminatus (Stephens, 1830) je druhy fidkych listnatych lest
a volnych enklav (Laibner 2000). Jeho preference viaci vyS$imu zastoupeni dubt
v dfevinné skladbé v porostech Vychodniho Polabi je tak ve shodé€ s literarnimi udaji,
ale negativni vztah k otevienosti korun byl spiSe ptrekvapivy, stejné¢ jako u kovaiika
Athous vittatus (vySe). VétSina ostatnich Setfenych druhi vykazovala preference spise
vici svétlej§im porostim, zejména smrkovym, jako Ectinus atterimus (Linnaeus, 1761)
Sericus brunneus (Linnaeus, 1758) jiz jmenovany Athous subfuscus. Kovatik Ectinus
atterimus byl dale pozitivné ovlivnén pocty pafezi, ve kterych mize nalézat utoCisté
(Laibner 2000), a negativn¢ ovlivnén plochou nelesniho prosttedi zasahujici do porostu,
coz mize poukazovat na uzs§i vazbu k jadrovému prosttedi porostu. Pozitivni vztah
k otevienosti korunového patra u druhu Sericus brunneus byla taktéz ptekvapiva, nebot’
druh je udavan spiSe z uzavienych porosti, stejné jako Athous zebei (Laibner 2000).
Kovatik Dalopius marginatus (Linnaeus, 1758), typicky silvikolni druh, byl neé¢ekané

negativné ovlivnén velikosti porostu.

6.5 Preference druhi s vyvojem ve dievé

VSechny tii analyzované druhy rodu Ampedus (A. balteatus, A. nigrinus a A. pomorum)
preferovali svétlejsi porosty a ani jeden z nich neni uvadén jako specialista listnatych
lesti. Ampedus pomorum (Herbst in Fiissly, 1784) je stejné jako A. balteatus (Linnaeus,
1758) druh raznych typt porosti a A. nigrinus (Herbst, 1784) je uvadén z jehli¢natych
lesit (Laibner 2000). Tento druh byl v porovnavanych jehli€natych porostech Finska
nejhojné&jsi na borovych pasekach (Sippola et al. 2002). Kovaiik Ampedus balteatus je
roz$itenym druhem jehli¢natych, zvlasté borovych porostl s vyvojem v rozkladajicim
se drevé jehli¢natych i listnatych stromi a patfezli (Laibner 2000). ZjiSténa preference
vuc¢i vyS$Simu mnozstvi smrku v porostu byla pro tento druh predvidatelnd, ale zjistény

negativni vztah k poCtu patfezii byl piekvapujici, nebot piedstavuji vhodné
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mikrostanovisté pro vyvoj larev, zvlaste¢ v porostech snizkym mnozstvim mrtvého
dieva (Mertlik 2007). Je mozné, Ze pafezy v porostech byly piili§ Cerstvé
nebo nedosahovaly dostate¢nych rozmért. Ve Svédské studii byl druh sice indiferentni
k osvétleni, ale pozitivné ovlivnén rozméry kmene (Ranius, Jansson 2000). Negativni
vztah druhu Kk vétsim plocham bezlesi by mohl poukazovat na silngj$i vazbu kovatika
K vnitinimu prostfedi porostu.

Pro saproxylického zastupce dalSiho rodu Melanotus villosus (Geoffroy, 1785)
nebyly zjistény zadné preference pro charakteristiky porosta, coz je v souladu
S literarnimi idaji. Druh mé Sirokou ekologickou valenci a rozsifeni od nizin po hory
Vv lesich rtizného slozeni. Melanotus castanipes (Paykull, 1800) je uvadén jako druh
jehlicnatych lestt pahorkatin az subalpinského pdsma (Laibner 2000). Nejen,
ze studovana oblast je poloZend nize, nez je udavany vyskyt, ale druh byl odchycen také
vV dubovych porostech. To nasvédCuje, Zze by mohl mit SirSi ekologickou valenci,
nez se predpokladalo, nebo velmi dobré disperzni schopnosti. Vyskyt tohoto kovaiika

byl v8ak pozitivné ovlivnén velikosti porostu.
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7 ZAVERY

Kovatikoviti, vyznamna slozka lesnich spolecenstev broukl, byli po dlouhou dobu spise
opomijenou skupinou. Ve vztahu k lesnimu prostfedi bylo mezi lety 1963-2018
publikovano sotva 50 praci, tedy za 55 let a vzestupny trend ve vyvoji nebyl pozorovan.
Pifinosem prace je sumarizace dosavadnich poznatkli o vztahu kovatikovitych
ke struktufe lesi a rozsifeni téchto poznatki o vysledky z hospodarskych porosti
Vychodniho Polabi. Na zakladé prostudované literatury lze lesni kovairiky jednoduse
delit na dve skupiny podle substratu, ve kterém se vyviji larvy, na pidni a saproxylické.
Spolecenstva pudnich kovaiikl jsou odvisla spise od kyselosti opadu, vlhkosti a teploty
pudy, =zatimco saproxylické druhy od pfitomnosti, mnozstvi a rozmanitosti
mikrostanovist, tj. mrtvého dfeva a dutin. Lesni kovafici maji pravdépodobné S§irsi
ekologickou valenci a upfednostiiuji spiSe typ porostu (listnaty nebo jehli¢naty) nez
konkrétni druhy dievin. To koresponduje i s faktem, Ze fada druht saproxylickych
kovarikli byvéd nalézdna ve dfevé riiznych druhl listnatych nebo jehlicnatych dfevin
(Mertlik 2017). Dfeviny svym opadem ovliviiuji predevsim kyselost svrchnich vrstev
pady (napi. Spulak, Kacalek 2017), ve kterych se zdrzuji dratovcei, a do jisté miry tim
ovliviiuji 1 spolecenstva kovaiikil. Ta byvaji druhové bohatsi v piidach s vyssim pH, ale
méné abundantni ve srovnani s kyselejSimi pidami, chudymi na ostatni makrofaunu
(Wolters 1989; Penev 1992; David et al. 1993; Scheu 2003).

Vyvozené preference kovatikovitych viici typu porostu, spiSe nez ke konkrétnim
dfevinam, byly potvrzeny i studiem hospodaiskych lestt Vychodniho Polabi. Cilové
porosty byly popsany charakteristikami, které reflektuji minulé a soucasné disturbance,
a charakteristikami, které popisuji vnitini prostfedi porosti. Porosty ptivodni dievinné
skladby tvofi vkomplexu lesa plosky podporujici vyssi druhovou diverzitu
s vyrovnangj$imi pocetnostmi ve srovnani s lesy neptivodni dfevinné skladby, které
vytvaii prostfedi podporujici spiSe eudominantni druhy jehli¢natych lesit a mohou
napomahat Sifeni horskych druhti do nizSich poloh (Roder et al. 2010) a lokaln¢
zvySovat biodiverzitu hospodarskych porostli. Otevienost korunového patra ovlivnila
kovariky na vSech sledovanych urovnich a vétSinou pozitivné s vyjimkou dvou druhit
dubovych porosti. Velikost porostu neméla vliv na kovatiky jako celek, ale na druhové
urovni ovlivnila pocetnosti dvou druhi pozitivné a jednoho druhu negativné. Velikost

porostil je vSak dulezitd pro dal$i taxonomické skupiny, coz by v budouchu mohlo
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pfedstavovat problém pro biodiverzitu porostii vzhledem k zakonnému limitu tézebni
plochy do 1 ha.

Vybrana skupina pudnich kovatikli, povazovanych za generalisty, ukazala jasné
vnitini  d€leni dle typu porostu na dvé skupiny. Druhy Athous vittatus
a A. haemorrhoidalis ukazali jasné preference vuci listnatym porostim, zatimco
A. subfuscus a A. zebei vici jehlicnatym porostim. Ackoli jsou Athousi aktivnimi letci,
jejich spolecenstev odpovidala referencni plose o malém poloméru 20 m a zda se,
ze velké procento populace se bude pohybovat na vzdalenosti desitek metr uvniti
porostu (Loskotovd, Hordk 2016). Vzhledem k potravni specializaci Athoust, je jich
ptitomnost v hospodatskych porostech spiSe prospésna, zejména v mistné¢ nepivodnich
smrkovych porostech s piidami chudymi na ostatni zastupce makrofauny, kde plsobi
jako predatofi lesnich Skiidct a bioturbaéni Cinnosti uvoliuji ziviny pro dal$i organismy
(Wolters 1989). Jak velky je jejich vliv na redukci populaci lesnich Skiidci neni
prozatim zcela jasné.

Pro jedendct druhli kovatikli byly zjiStény statisticky vyznamné vztahy
K vybranym charakteristikdm porostd. Procentualni zastoupeni dominantni dfeviny
a otevienost korunového patra byly dveé nejvlivnéjsi proménné. Blizkost nelesnich ploch
ovlivnila negativné tfi druhy kovafikd. Neékteré vysledky na druhové urovni byly
odlisné od literatury, jiné spiSe pfekvapivé jako napiiklad negativni vliv poctu pafezu na
saproxylicky druh Ampedus balteatus nebo negativni vliv velikosti porostu na druh
Dalopius marginatus.

Celkové byly v hospodaiskych porostech Vychodniho Polabi byly zjistény nizké
objemy ponechaného mrtvého dfeva i pocéty dutinovych stromt. To bylo
nejpravdépodobné;jsi pricinou celkové malého mnozstvi vzacnych druhil saproxylickych

kovariku.

Implikace pro lesni management

Soucasné hospodaiské porosty Vychodniho Polabi podporuji spiSe druhové chudsi
spoleCenstva eudominantnich druhli kovafikli. Lesni hospodafi svym rozhodovanim
mohou vyznamné ovlivnit spoleCenstva kovafikli a maji moznost zlepSit podminky
pro vzacné druhy. Jiz volba vysadby ptedurCuje typ opadu, ktery znacné ovlivni
spolecenstva pudnich kovatikli v budoucim porostu. Opad plivodnich druhil listnatych

dfevin nadlepsuje pH pady. Vysledky studii poukazuji na duilezitost ¢asové kontinuity
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mistn¢ ptivodni vegetace v komplexech monokulturnich porostii. I vtrousené dfeviny
mistn¢ pfirozené vegetace napoméahaji v udrzovani vyssi biodiverzity, zlepSovanim
podminek pro ptdnich i saproxylické kovaiiky, zvlasté pokud se jedna o jedince vétSich
rozmérit s potencidlem vyvoje nebo jiz s vyvinutymi mikrostanovisti jako jsou
odumirajici silné vétve, dutiny, tlejici dfevo nebo plodnice hub. Jejich pravidelné
rozmisténi v porostech neni nutné. V porostech miize byt podpoien vznik mist vysSich
koncentraci vhodnych mikrostanovist, tj. ¢asti porostii piivodni dfevinné skladby, ve
kterych bude ponechavano vys$§i mnozstvi mrtvého dieva (Parisi et al. 2016).
Stanovistni hotspoty by mély byt propojeny alesponi tzv. naSlapnymi kameny,
tj. jednotlivymi stromy uprostied porosti, nebo ponechavanim dfevin lemujicich lesni
cesty, které mohou byt vzacnymi druhy vyuzity jako stanovisté i jako koridory Sifeni
(Zauli et al. 2014).

Ponechéavani vétsich ploch porostii mistné pivodni dfevinné skladby je dulezita
na urovni celkové biodiverzity porostl, protoze existuji celé skupiny i jednotlivé druhy
na ni zavislé. SouCasnd legislativa v§ak omezuje nafizenim velikost téZebnich ploch
a predurcuje tim rozsah ploch novych porosti do velikosti 1 ha. Ze studia biodiverzity
napfi¢ riznymi taxony vyplyva dulezitost celkové heterogenity prostiedi napf.
v mé&fitku né€kolika hektarti. Zajisténi vhodnych podminek pro rozvoj biodiverzity
pfindsi pozitiva nejen ochrané ptirody, ale také biologické ochrané porostli, obohacenim

o druhy plnici rozli¢né funkce.
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